US006107100A
United States Patent 119] 111] Patent Number: 6,107,100
Dabovic 45] Date of Patent: Aug. 22, 2000
[154] COMPOUNDS AND METHODS FOR Leeuwenkamp, O.R. et al. “Specific cation effect in the
DETERMINATION OF THIOLS reaction of nitroprusside with cysteine, acetophenone and

sulfite (Legal and Boedeker reaction)”, Pharm. Weekbl., Sci.

|75] Inventor: Milan Dabovic, Novi Beograd Serbia, |
Ed., 6(5), pp. 195-202, 1984.

Yugoslavia

| 73] Assignee: MetaQuant Trust, Fullerton, Calif.
Primary Fxaminer—Elizabeth McKane

21] Appl. No.: 09/079,436 Attorney, Agent, or Firm—Robert D. Fish; Fish &
22] Filed:  May 15, 1998 Associates, LLP
30 Foreign Application Priority Data [57] ABSTRACT
Apr. 30, 1998 YU Y lavia ...oooveeeiiiinieininnnnn. P-196/98
Pl YUl FEOTEH / Compositions and methods are provided for determining
i 7 7
:5 1: Int. CL7 s GO1N 33/52 thiols or disulphides in which a sulfur containing analyte is
52] US.Cl o, 436/119; 436/120; 43462/5?546; combined with a thiol-specific reagent to produce an
(58] Field of Search ............ooovooovooo. 436/119, 123, ~ ‘Mermediate, and the intermediate 15 combined with a sol-
436/164, 120, 121, 122, 166: 422/56, 61, vent msoluble compound to produce a solid state complex.
68.1, 55, 69, 70 In one aspect of preferred embodiments the intermediate
5 Ref Cited comprises a chromophore, and i1n especially preferred
[>0] CIETERees LAE embodiments the chromophore 1s detectable with the naked
U.S. PATENT DOCUMENTS eye. In another aspect of preferred embodiments the thiol-
4,414,414 11/1983 NOVAK ..ooovvvevererieerereeeeeenne. 436/120 X~ specific reagent comprises a nitroso-donor, and more pret-
455435336 9/985 W@Stllp .................................... 436/122 erajly Na_nitroprusside_ In ye‘[ ano‘[her aspec‘[ Of preferred
g’égg’g% gﬁggg (S}g:;:;;i Al s g%ﬁgz § embodiments, the solvent mnsoluble compound comprises a
o basic or acidic metallic compound, or a polymeric matrix.
FOREIGN PATENT DOCUMENTS Still more preferred solvent insoluble compounds comprise
138410  9/1986 Poland . Zn-hydroxide, Ni-hydroxide or Al-hydroxide. These com-
OTHER PUBIICATIONS positions and methods are more sensitive and reliable

method than that previously available, especially for the

Leeuwenkamp et al. Specific cation effect 1n the reaction of
nitroprusside with cysteine, acetophenone and sulfite (Legal

and Boedeker reaction), Pharmaceutisch Weekblad Scien-
tific Edition, vol. 6, pp. 195-202, 1984. 14 Claims, 4 Drawing Sheets

determination of homocysteine.



6,107,100

Sheet 1 of 4

Aug. 22, 2000

U.S. Patent

“.._l.ul._l...l.._l...l.._l...l.._l...l.ul._l...l...l...l...l..l..l..l..l..l..l e B B R R R T S T e R e E R T T T T
: el : : R EE Bl E iy
T e o P R |

L I A o & arodr arar I I 7
. T T o gy o o
e T P P R R T P NN . |
Jrodr dp Jr dp Jr Jr by Jp o dp dp Jr Je Jr dp dp Jp de g b g b J dr o b j o b o dr o be b g b Jpode bo b b b b de ko Jrode de boode Joodrode Jp e de e deode e o lf de b b b Bode b oA dp b i
dr dr dp Jr dp dp & e dp Jr dp dr dp Je oF dr oF Jr Jrodp Jr e Jp de Jr Jr Jr de Jr 0r Jr de Jr dr Jr 0r Jp A dr e Jr 0r O Je Jp Oe O 0r Jr Je 4 Jr Jr de Jr b 4 Jr ko Jr o Jr dr 4 A Jr & o & O A b AW
drdr dr dp e dp dp e dr o dp e e dr oy dp dr b dp dp e e e Ue dp de dp g dp drode dr Jp dr oo oo b B o ke oop b deoar U de dp de om dpode ko ko de deodpode dr o de b ok dp dr oMo de dp o drode b
dr Uy dp oy e el ey ey ey e b e b dr b de b b e b de ok by dp kg el de de b e h o dp p dr dp drodp de e de de dp &y de dr o dp de dp dp de dp dp drode de Bk koA o
T e T g
dr ey g e de R e dr e e e dr dp iy ke e dr b g b d g b o g e dp e de ke Bk de drhoap ey de de e e de e de de b de e de e e e bl ke de d de ke b R
dr iy iy dp R e b p ity kol i i & e e i e el i e e Jp e dp e de de dp de dp i dp dy e dr e dr dp dp de e dp N dr dr dr g dr b & dr o dr & dr 4 dr e of)
dr dp iy dp e r ey dp dp oy e e ey e e e dp e e e pdp e dp e dp e de dp ke dp de b dp de dr i deoop de de dpk dr dr B M deode e dedpdp o drodp dp o de b e 0o dp Ao drodr
dp "dr iy e e il iy dp e gk e el e S e i e r e dr dr e ey de B ke e e dp e dp de oy drodp de & dp p e de de de de o @ dp e o de & dp & & & & & &
R AR d R E R E R U g X d B A & B e de dpde b dr o dp dede dr e dpode de de de o dedp e e B Cde e dpdp dr dp dr dpdr e dp e e dp e dp o dp e dedp dp e
e o dr dp ot dp el dp S dp b e e b e e dr e dp e e e dp e o p e e e dp e dp e e e e dp dp p dp e de dy dr dpod de R e dp e deo o de e R e dr e e ek
e T R R
ey ol dp el okl e e B e Bl b A B B e B e dp o dp dp de dp e dp dp i o dp e e dp de dedp dpodp dr o de dp dp drodp dp dpodr oMoy gp dpodro ok ae &l
p “dr Jp dp e dp r e iy dp e dp dp B e e e e dr o de b de dp dp e dp e dp dp oy e dpodp e de e e iy de dp e de dp de e e dp e de e de el e dp ol e de e B ode b de B de e de g
WO i e dr dp dp iy dp dp e e b b e d dedp o dr dp o dr dp dp Jdr dp e Jdp e e e Jr e Jp i e dp e dp e e e e ep e dr e dp i dp i e dp e e dp e dp e dr Jp oo dp ip
i e dr gy oy dp Oy e e dp b dp dr dr e de e iy e b ap de dp dp de e dp dp dr e g dp R ok oap e g dp dp b dede el ap dp dro e dp dp o dr o d dp de dr ke dp o a
dr Jr dp e dp dy dp dp dp Jr Jp o dp o dr dp dr Jp o dr K dr Jr b A b Jp b o b d b Jodp Jrodp e b B b b b o b b b b b b bk b B b b b b b b b b doaod b bd i hd
p dr dr dr b e dr e ip dp dp dr e e dp dr dp dp dp e e dr dp dp e dr dp dp e b e dF e df i Jr dp drodp e dp e B dp dp e dp e @ e de de dp de de 0F dp de e Jr Jrodp & U i O dp
dr el d d dp dp ol i B e e B e f o dr b 0 A dp dr o dp dp X dr dr o dp dp o droh e dp b o dpde b e de dr e drode § & & o dr dedr g drdr b & oA drodrod ko R -
dp "dr eyl e ad iyl dy e e de o d ki e dp ol ke e B dp Jp B ke b R R R e bk dode b R R B E A Bk U dodde ke X OF R W BOK b X KX kb dodr T
e L I e a I e P P
dy iy e e e ey ey e el dp e A i b i B de S ek B dedp g dp Al R b de b d b e de b B R b R ok K od F o d kb bk b Bh fode b kK
o Sy dp e e 0 dp iy dp e dr b e Bl i o i e e o dp ok o e o e dr Bl B e e dp dp e e B 0F dp b dp e dp @ e dp e dp dr de i dp b dr dp B b B e B dr o m
e a a a T
e T T N NN RN R e
-
N e e e 4.._“... PP DE NN .......H.r e .......H.._ T A e e
d i % e i dp b r o dp e de e b dp o g ok dp dr o dp e dp dr Bk dp e dp dp dp o dp de o dp dp e o dp dp de de dp o dp e e dpodp de p o dp e dpodp e Oe dp iy U e dr R
iy oy o e de b de b g e de b e ok e b i o dr e dr e e e dpohy de e dp e de o h e ey dp e dp oy e dr o d de e dp e g e dp o dp e dp de o dr e g
L I o e e S e o e o O I o N el e e v P Y -
Sy dr i op dp ey Of e o dp o W e ok b e 0 dr dp e b dp e o dp e dp dr dp dp e e Jr e e dp o dp e e dp e dp e dp e dp e drode o Jp dr o dp Or o dr i &K 0o i a
dr df dy dp e i e iy ey ey e e e dp e b e e dp ey dp dr o e e dp dp dp dp by e dp e e e ey de dp ey e e dr dp e de dp e dp e dp oy dp dedpodp o dp dp de o dp 0 odpde
iy i dp e 0l dp e X e i i ok i dr e O dpde e e ol e ok de dr ok h de de B e de b de B R A bR A dede dr e de dp dr dp i dr @ ek Bk
e P T o
dr e dr e e e kUl e dp B dr A i b B dp ek dr B dr e dp bk dpa de A e bk bk de e e e e de e dr dp A g e de e de e dp e de dp ke e g bl
Sy dp dt d dp dp dF dr o dp ok i B e e o ok e dr B de B e e i dr dp F B i e A dp dp dp A dp dp o e e dp e i o dp dr dr dp dp dp dr e e dp ke e O o ar b i g s
T e e
e e N P TS,
e e e e e D e e M e T e e e e T e e e T D D N D R D D I e D ....._.Hr T
i i i i
T T e N D N T N P
e i io
dp dp iy e dr i e p ey e ey dp lydp b e e dp ey dr dr o dr e dr b dp dp e dr dp Ry dp dr dp e e dp e g e e dp dp dp d dp i de e e e dp e e de  dp ke e de )
o N o o A A e e A
dr dp Sy i e e e e dpdp de iy e ey ey e e e e e de e ey de ol g dp i de e e de e de e dpodp e de e de e deodp de dr e dp de dr dp dp de dp de e dpode de dp e e drode bk
e "yl el i dp dp e dp b e dr e i dr i ok r dr e dr e e i de i e X dp Jdr b & dr dr e dp i dp dr Jr dr dr o dp e dp e o dr dp b dp dp de e e dp o de e 0 e i e )
T
R N M R R N R M e R A N R R A R N A M N R R T R N A A N MO A N
m e A O o el e R e e e N e e o e e e T ™
dr e e i ey okl e oyl e e e b e e il il ok e dp e dp B dp @ e iy de 0 0 ode e dp o dp e e dp dr de b ke ke g e dr i de e & e g
dp gy iy p i e dp b i ey g i o e gy e e e W 0 dr e e e e iy iy e e ey iy iy i i e e iy e e O e e iy
e N e o N e N e N N
M A O o N N e O N N N o e M N N N e M N e T R N R W NN
M L A N e N e R N R A e R N A N N e NN A M N N N N N
e e N e e e e e N A e e N
at e e Ay bl R e o el e dp e dp e i dp d ol dp o e B dp e dp e B sy dp ey e e dp e o de dp o dp e dp e dpodp dp o dp e de dp ey e 4o X
o M N N e R o N N N e e A N A M
e e e e e e M R e R N O N U M -
N e N O e R e o o e e O N O N o e R e N A e N N R N O U U N
N A R M N N A e M N M O A A A e N e N N e N e
e e e e N N e R R e N e e e o e N A N
o e e N N e R e e o e N N NN N N N M
E A e N o e N N o N e O N o N R N A T NN i
J dp Jr o dr o o Jr o Jr dr o dr oy g & O O dr o dp dr dp dp B 0 o Jr Jrodp b b b O A 4 o Jr o dr o b S ok & o b o dr b A b o e O b b b 0 b A U dp O iy Jrodr
o N e o O I o e N M R I g L N A e aa  a a  a -
m p dr o o o i & i i o g b i o & o b o o & dr i b dr A & e & Jr o dr e & A dr b e A dr drodr o dr Ao A g A dr b b A b A i g O o
e R e o e R e o N R N N e e N
Rl O N B N e e M e e e N N Rl e R A e R N M N N N
o R N A N o e N A e M e N N N N O N W O T o N o
dr O okl e e R e N e e e e e o e o e e e e e e e e e N
e e N N R R IR R R e M e e R R M e N R N A N M O N N N

J o o o o & o o ok R o bk & o o o o o o dr o B o o o o o i o o dr o o dr o e o o o o i o o o e dp o o R dp o b oF o o e o b O o Jr b A i
e R N N R e N e N N A O N N o O e o o N e e e e e e N N A e

m B dr de X & & e dr dp dr b dr dp dr e dr e e e e 0 e e dp e dr o dr dp o e b dr e e b e dr e p de e dr oy e e de by e e @ e dp e dr e de e p ey e e de & Al &
F S R e A R e O AR N O el N N e N N NN N A W N -y

e e N e e e A N e N M R e e N N N a  E a

N O R R N e T R N e e e N N N M N O e N N N N N A ) -
A N T e e e e N A ) .
e N A R o e e R R e e e A o e N N -
dr ol oy e e dp & b d de bl ok dr dp dr o e db ok e e i b dr ke & de d de e e B o d b r dp & dp e dp e dpode Ol dr de e dr b r o dp e dr oy drode d )

| R R R R T e A T N A A A e N N O N A N T N N i s [

J o dr o N o & & i F F o o b F U o b o - & dp dr dr dp & dp Jrodr dr o dp oy b de dr O dr dr dr Jrodp b e & Jr b dpodr b o o b dr O g b b O g b d i Ko b i
N R I N R R A R N M N N M M N N N R N N N I

[ ] Pl e S L B S T NN R el Nt B E E S el N LA A L e N A U N A R N B N W]

. r e A N N A N e N N N o e N M N N A e N N o N e e e e N A e N N A N N N A N N N A A M N O N RO M A N -

N r iy iy 0l e dp iy o iy ey e dp p e b b e e r dr b g dp de e W dp e e dp e dp b e e e dr e dr oy e de e Uy e dp e dp 0 dp it de bk de ke 0l i gy
o N A O N A N T N O N A O O O N A o e e A R NN N N A Y =T

| Sy ey ey e dp o d gl U e dp dp e dp de de dp Jr ol oF e dr b dp dr dp o dp dp e g b dp o de e p O dp A dr o i dedr dp B dr drodr KO 0 ro 4ol by
Jp Jr ey e el e de & dr X dr oy r e dp e dr e g b ke e dp g dr oMy dp Ay e d de dr e e dr e dp dp e dr dp o dp b e e dr dp e e dp de dr e dp d ey dp ke A o ok

M & o Jp & dr o o Jr ok o o o & e Jr o drodr o & odr o o ok & ok 4 e b b dr e & r b o o A Jp Jpodr i dp dr e O dr Jp e drodr Jrodr o o dr e Jpodr e i o i ) ar e
e A e N e e e e e o N N e e o e e e e e e e M N N N L

dr dp g i e e iy e e bl e o dp oy e e e e O e e g e e i e e e e e dp e o d dp e dpdp e e e e de Jd e iy e b dr b ey e e e dp e e e R x K.
A e R T N N R N N e e e N O N A N N M N N M) -
e e o e e N e o N N e e e e e N N N N ol L}
M m......q.._......-_.__..-..4.4.4.____-.__......__..........._..___.._..4.........._..___.4.4.._..._......._..-.._......._......__..4.r.._..._......___.___.4.......4.............4..........4................4....4.4... L)
P e o e M N N e N T T N N A e RO M A R TN RO UM U M U RN M A N N MU

o A o el e e a a a  a  a a  a a E aEa E  ENE -E ]

m o b Jdp ok fp dp ok dp o dr o o e dr e dp b dr Jr o dr b o o Jr b e dp dr e dp b dr Jr f e dp o dp Jr e o dp b b dp o dp dp o dp dp oy oy dp e e B b drodr o e ] ki B

E Al sl N M A N o Al e e o Nl e N N A R Y o

N e e e o I o N A R A N N N M
e A o eyl dp e b iy e dp d b dr e e d ok d e de b B e d ke & e ok d R t dr dp d bk d ol dy ey de ok & A dp e e e de e ke bk wle drodr A
o N R N R M M M R R M M N R N N R N N N N
o T e R N N e o e o O N el N R A el el o o O e O N N o M NN F

N N N N o o e e o o N N N N o N N N N A

r Jdr e dp e e i e 0 e e b e dr dp ey e e dr ol ol i e g e g b rde e 0 e e e dr dr e e dr e de e dr i de B0 e dr oy i e

L e e e e e e e e e e N N N N M el N O e .
“ N R o N e N N N N e N N N N o e o N N NN N N N N O O A N M NN =

dr dp p e e i e g e g e e 0 e e dr dr dr dr i dr dr dr dr dr oy e by e g dp iy dp dr e dr o dp dp dp dr i e dr dp ar dr e dp e dp e dr o dr ot o dro 0

. eyl e e dp o d B dr e i e dF b 0 dr de S ey el e e dr dr dr e ey e de e i dp b Jr b dp e dp b b o & dr i o 0o drodp

[ o e o N R e e N e R e e N N N A M N N e N e :

| N N e N e N N A e A N e A N N A N A NN A

J dr o Jdr o dp & & dr & dr e dr dr Jp & dr o o Jr o dr Jr o Jrodr b o dr o dr o Jr o dr e drodr Jrodr & r o drodr b b o dr dr o b b & 0 b Ao dr o Jrodr oo & b o O 4o Jr o Jr & i o g dr b b A

. R R N T R R N R M o e O N N M A R M M MU R el N N

M o b ok o dr o o & o o o ok o dr b o o dp o o o b dr i o o o dr dr dp o odp o iy by of dp oy iy dp of e dp of dp dp dr iy o e e o iy o o o et o i i & b

e e e N e N e N R N N A R R A N SN M N N dr e i R Ak
e M N O e T A N N N e e N O N N e e L ) L N N
R o O N e A N M AR N A N M M AN R A N N W W ir e iy dp i A
L R e N e e N R e A N e N e R N R R e W M RO N

. L R O e O e R e o O N N e O e O R e N O O N N N N R R e R N N W N ) e T N N e

“ o R A A R e e e O T N N N NN N i M ) S N L

. L e e e e e e N R R T e e e a iy dp e A b M K -

[ o o N N M N N U R RN A N dr b R A b h A

s o e A R R N N N N A e N A N N N A M dr e iyl i A de k

[} R e e e N R R N M e e o R A o e e N

. e e N R R N N M O O N R N e N N R N N M N O e R I N R N N

[ o N N N A R R N e N A e M N A N N U e N L N N N

. e r dp e e e ol e dp dp o e d o dr e e b e e e by el e i e iy e e e e e e iy e iy e ol o e Sl e e i e iy ey e e e e Ok

[ & dp dy dp e el p ey ey e dp dp de dp dp de JFdp e ey e dp e e e b de dp dp dr dp e e e dr d e dr e e e g e gk b & ae g B dp i dp dr o dp e g de U de & Ur

.. E N e R kN M S N A e el A L e S A E R WO ke

[} T i, dr e e dp dp e e e e b de de b

. L e R O N e R e N R R N N R N M N W ) Jr e dr il dr e de o ki by ko a

] .l.._.4#.._..._..4.._..-.44.4._._.._..v.._..._..4.._.4.._..._..q.__..-_.___.-_.4444.._4......4...44441....._4}4444.._ A E 3k Uk bl nl b EaE

- A A R e N M R N N A A N N N A N e R N e A N e A A N N N N N AN NN R M N A N N A NN T

[ J._..._......r.._......4.4.-_.....4.4......_..........r.._......4.__..4.r.__..............._.}....}....t.qr.......-....a..............................r & 0 ey e e g e g ko o g ke dr g

L o N e o e N N R N R e N N T A N A N MY CC ok o Dk o kN

[} ._J....q.....4._._._...4.....4........4.4..........4.4.4.4.............4.4.4..........4...4....r.r... de e il dp i el 3 Ty e dr e e dp b dp de O e de e

.. Wy e b Ak dy e ol e ke dp e e i dp e dr e g e i e i drode dr ke dr dpdr b dr dr dedp 0 dp R ar e e dp g dp e § b dr e g b b ko b 4k

[ -t.......q...............................r....-....q.q....q-....44.4.4.......-.....1........1..1 LM MY ....4......4..1...._......_.....4......_1....1....-.-

. o e e M e e e T a e Sl e R W i o de dr M dp de & i o e dr i e R A

.. dro oo dp b o dp dr o Jr o o B & b b Jrodr dr e Jp dr dp & o Jr Jp e dp & e dr b Jr i i i R & e dp b & S kb b B A b i o ok b koo

o o R N N A M o A MO N M R N N A N A M ) FY0 e R R B e i F W o B dr e 0 dr i i ik

[ ] -J......ll..il.l.}.l.l.....l.....l.b.l.l..fl.l}.l.l.l.l.l.l.l.#l.l.ll.l.#l.l. k dr o e dr b b dp ke e i dp dhdr dr e O e

p D e e N N N N N TN N Pt dr iy ke e e de o dr o ke b ke ok ke b dr kA

i .t.._..._..4.._.._..._._.._..._..._..._..._..._..............qJ.........t......Jat.......q.q.........t... EE e Ll aE bl el N e E L ]

. S N R N e a a  a N A ) A N N N N

[ ] J.._..-..:.l.l.tl.}....l..r}..;.####t####t###kk#i###l#}.# dr dp Jp Jr dp dp o dr dp Jr dr dp dr dr B dr dr dp dr & & dr b b b o )

] L S A A S A Bk A A U e N Ul E R o Al MEE el S aE S A MO M N e ]

[ I R e e R g A R R N A .4.4.r.......l.q.q..........q.q.._....q.......q....q.r.r...t.r.r"1

p Bl d ok d X dp de Bt e el dr e dp dr dp e e de g dp dF ki e dp de o dr iy e dp iy iy e b e o ey ey e ol e e g e ke ke dp b o

.. -J.....il.l.l}.ll}..-.l.i.il.}.4#]#}.#4}.#44}.#}.}.}.!-#}.}. dr dr o dr dp o O dr o o Jr Jr o dp X dr & dr b 0 o g dr 4 b 4 oA g Jr

L I N R o N o e e o o e M A e N O N e e o o o ol e

.l ..l..-..-..-..-..-..-..-_h..-..-.###}.##########}.}.}.#}.###l_}. & & dr & & Jr dp dp Jr dp dp dr dp & Jp dr dp dr dr dp dp dr & dr b 0 N b i

.r N R N R R O O N e e M) o Wi e O e o il il ol el e o i dr i e

[} N e i e dp b e g o ey ey e e e e ey e e il .....4._..................4...l.4.r.r.4.4.4.......'....4.41.-........'._._444..!...&!-.-

. B dr & i e dr dr e e dp e dr g e e dr dr b o ke b ke o iy g M g ik Uy ey e ol ey dr B e dp p e bl e e dr dp e dpode dr de e b Rk O i de dp b

[ .l.444.-._.......4....-.-444.........444...4.-..........-..........- e T A N R N N N TN N N

.- e e N N e N N M O N R LAl ey dr dp oy dr e e dF dr e dp o dr dp b g b dr o b dp de B e dpodr i o odp B dr ke e kA

[ dr dp ok e e iy dp iyl dy dr dp e dp o dp e i e e 0 e i o e i ! Sy o dr e dr dp kB dp iy dp de dr e dp oy de dp @ dp e dp ke b @ ke e g b ke e e b A A

. [ Sl 3 L S RS 3 kL 0 aE aE Uk Y o B N e U N N N N L Dl O SUEE N

N LR N e R S N N AR ) .....4.4................4....4.4.r....q....q..........q............t....r.............r.........4....._..1.._.4.._m.q.

. Bodr e i o iy Bl e i i R i ke o ke R g i R Fir e 0 dr ap dp dp p e e de i ol e e e dp dp ok i i 0 e e e i B0 b de g b b de b dr b R

[ ] L O L e N ) B ey e p y iy iy e e e e g iy i e e e d de ey e e e e e de

.. Wy sy ey e e iy e e e el el el R dr e iy e ey dp e e e e e e b B e e e 0yl e dp dp dp e i O o dr e b b 4 0o Nk

[ R W R R M M N R R R M i I A R M R N e R N R R N N N N N A NN N

] By ot dr o o e Bl o i e i ol i e el I e W e X i X i dr e e oF o dr o & dp B b dp J ol p it e B e dp dp e B dp i e e ol e e de ok dp e e A

[ C N N e O o o N e e e M R o R N o e N N T

. .M............q..........q.r.._#t.._.......r.r.-.._.._.r W e ey e e ey dp p de & e dp ey dp dp de 0 dp e df b ke ok & Jp dpode dp dp e de drode dp dr ok dro A b 0 ke A

[} CE M N TN U D NN M al M e e e N N

r Byt ot iy o ey o o o e oy ey dp dr dr e dp e S dp e dp e e dp dp e dp b e b dp dp dp e dF e e dp e dp e o dp dp e e d

L ._..__.._..-.._..4.....__.._.4.__..4...........-.r.q....q....qt_-......-_.-....q..........q....-... o e e e e e e e e e e b e,

[} L e o N N e N N ) S B Ry dp e @ e e A b g de e dedp e de deode o dr drode de de de B de Oe dpodp dpodp o de drodp dpodp o dro b de dro kb g

. Py e d e o e e dp e iy e e dp iy iy oy e de o d iy dp iy e dp dr e e e dp d dp dp ey e e dr dr dy dp dp e dp e dp dr dp dp e dp e o drode e odp g

| | J#########}.###i}.#}. drodr o o of Jrodr b b o drodp b o4 A b dp b o dr i e b o b b A i Bk e e B 4 A oy e b e A e A i J

- D S N R e e S L N e e N N o N N N v

[ LA N N O M N e o ir dp o iy dp i e g e g e dp dp e dr e dp e o ip e iy ey e dp ey e e e oF r e 0 e e i e i dp e dp 0

F oty R dp i ip i e dp b e e i e o R e N NI N O M N Ok R

[ R A N N e N e N A N A N N N N N A N M N N N N

'] .t.._......_.....__.__....._...........:............_ D e dr dr e e e de e dr ey e dp e dp dp e e e e i e b e e e r iy dp e e dp e ok Jdr dp o dp dp Jr de i O b O b b dp dr i

r “._—....._..q........_..q.._....._..q.q.-....._.....__ A e e i p p 0 dp o e p s dr ip e e S e p iy i e e e ey Uy e e e ey a0 0 de dp e

] L B N R R e et - R R R R e e R A e e R e e N N N N o N A N N N

[ N N N N o e e e N e A e o e e o R A N A e N NN N

2 N e e e e e

-

] J.#}b.l.}.}.ll.b.l.}.ll.}.}. i dr e dp dr o dp dr e dp o o ok o Jr drodr 4 A i dp o dp F dr Jp e e Jrodr dp i e dp e dr A i B A e B e Jr b e B A

] I g N e e M e N N e Al )

' ._-._._................44.............-....4.._.4.-...1-_4.-4.4....-.4...; T e N e Tt

" ...._...r.._........41..........'......4....4.-4...4...4..................... e e i N M

» u.l_-....._..q.._.._...._..q.q.._.._._.-_.__..._..__. » p il iy iy e it i e e e ey iy iyl e e e ey iy iy e e e e ey iy iy e e e e e i 0 e

. Fguir iy dp dr e i i o B i Lo xR A o e N O

[ dp dp S e e a e i e W - L o e e N N O N A N N N o

- I A N N N iy O il e e i e e dp e iy iy iy i e e e dp iy i e e e e iy iy iy i el e e e Uy iy e i

[ o4 Ao dr dr bk g kodod i > oy dr o dp e e g dp dp dpo b b oy dr o e g e e h dr R o dp g de b Ak kg dp o deh h kN kg ap b ki

[ .Ja....q........-........q.._..q.q.......... Xk & K B e e B ey dp oy dp el dr ey dp e ey dp e e e e dp dp dp dp dedr dp e de B de ke b dp e dr bk

[ dr e it e e e iy e iy ol e e i dr ip i e VB O i o o r dp dp e e e dp e e i e iy e g e e e e dp o e ep i ey e e e ip o dp e iy 0 de

iy Fgst dr o dr e J dr o dr dr b e d dr i i b i H g dF iy ey e ol e b e dF e e e dr i e e e ey e e e ol e o e o dr dp de o i dr

[] ”....4.-....—.-.4.-.4....4.4....—.4 NN iy " o e g g g N N e e g g

. ] o dr i ot e dr de de Jr e F O O Jr o F dp OF dp O Jr Jr op dp o W i o Jr dp dr O dr dp Jr de dp Jr Je dp Jr e dr e Je dp e Jr r e Jr e Jr o Jr dr O 0r Jr Jr O 0e O 0e O A &

LR B T e e M B JE N N o e e e T T e T L L

[] L N N N A N A N N A ; i dr i i e iy el e dp ol dp dF dp dp e e dr B de e e de ol ke X e Jr ol 0 o A b ar N

[ Faut oF dr dr e dr dp dp ey ep dp r o dp ok dp drodp ok e e drodp gy e i bl dr Ay dr drodr o de dp drodr b dp ey dp dp e o dpodr b dp e dpodr o de dp o dr Ao 4 dr dr bk dr

[ Jrodp kXX K A b drode Bl ki ke b de Uk o de b dedp 3 4 BT b U dr b b b dp de b de B0 b b kb Jpo 4 i ok U dr b b dr ok drj b dp kA kN

- e 3 A R N a Ll A 0 e e e g dp p p e e dp Ul iy e U e Op p ey e 00 e dp ke

* .J......._......__ e e e e e e

'.l f.T.:.'l.'.l..:.l.'.:..Tl..:.l.'l.‘..l..Tl.}.**l.‘l.**}.b.hl.'*‘*‘l.'l.'}..f}..f Tl..T .Tl.' .Tl.l.l..'l-'l..'l.‘“' - i o .T.:.'l.'l.'.'.'l.'.f'l.'."l..fb.'b.'b.'l.*l.b.b '.r .T.:..T.T.T.'..T.:..Tl..r .T.:..:..J.l..fb..'l..r .T.Tl. T.T.T .T.T.T.r

r - - - o XY -

[ drdp dp 0 e dp e iy dp p dp dp dp dp dp dp e dp e dp dedr kW de e deodp o dpode dpodpo 0o dedp Wb N drdr de e deoddp A d ) b dr ok ode § b Nk b M A d xS

[ q_.._._........._...........4....._.4...._...4......4...............&...........1......&.........1.......1; L N A o I N o o ol ar o

r .t e e e T e o e e o e v o e oo A I M e N P e N N N LN R MR LN -

[ m.q4...4........—.._.4444......44444....-...&4......44t4.............4...4 e e e N N R N N

L] Fout e dr dr e dr dp By osip e o e e dr dp of de iy e dp oy e e oy e dr e b e ey e ey e dp e e de o ey p dp e dr b R dp sy dp e dp oy A gk

[ dr ey 0 e de e by dp e dp oy dr y r e dp e e e dr b de e dp o de e e h gk kN iy de e de o drdrm dp e ey h o dp ek g kg A e dpode o4 A koM

L] D e R o R O R e A N O e e e o e I N e N N N NI RO U

[} L ORI A N A A 0 A I I A A A A N A N A P T e A L N I T TE N S

'“ '.J##H.#“..r”#”.r“.r”#”h ”.._ ”.r”....”.._ H.r”.._ ”h H.r“l.”h“.—.“.—.“.._ ”.._ ”.._ H.r”.r”._. ”....H.r”.r”.._ H.._ ”._. H.._ ”.._ H.r”.r”....”.r“.-.l " “_...-.”.__ ” 3 ”.._ ”.._ H 3 ”.._ ”.r“h ”h ”.-..H.._ “..TH.._ ”.._ ”.r”.r”.._ ”....H.._ H.r”.r“.-. ”.._ H.r”.__ H.r”.r”.._ H.._ ”....”

[} M e e ke p e ke O e i Oy dp e e e ko de ded ka4 r IR N N N N N N N

El L BE Nt N B e A N N N L N N N N N

* .t.-_.—.__..-.._....._..-.__.....___........._..._..._.....-.._..._......_............_...__....___.r....._...__._._.._...._...r................-..........a...;...t...............t......t... e e e it

r .tl.._. e e e L e e M L e N M N M o L U D B ol DU BN e e BN DN o D R MM,

[ dr dp g i dp e ey ey dp ey dp e e ke i ke iy de e deodp e o dr o e kL ar dp dy e dp B ey dp dp dp e dpodp dr dp dp e dr e dpode de dp g dr ke O b

v e A L el il

-

[ .-.-..............................................4........&... I o I I I O Tl R o S N A N N

L] e e e e ) L i dr ol dr d  dp e e e dedp dp e de dp e dpde de dedp de dpodp de de B dp e deodpdr drodp de de 4 U o de dro &

) .J-....t.........t.............t.........tt f .r....._..r.._..._..-..r.r.r.r........r.r.._..._.r.r.r.r.._..r.r.r.r.._.l.r.r....r.._..r....t.._..r.-..r.-......_t.._..r...t.....r.._..r.._..r.rt.r.r.._.......r.._.._.............r.._

4“ ; .-“.4....__......_.-........_....”.4 s .__.. ....rH.__H...H.rH.rH.rH.__H..H...H.rHuH.rH...H.qH...H.-”-H...H.......rH.rH...H.._“.r”.__H...H.rn.__H.rH-....r.._........_................r.........t._..r..........-._..r.........r...............r....r.__..r....r.__

r ".._..-.._. e I L e U N M D e D N D I N T e e e e T D N R T D

» ir W "y Up e e el p dp iy e e b B e e dr e dr B dp dp e e e e e dp Jp e de dp de e dp dp de dp de JFdp de Up e Jp dp de 0 dp Jp o de e dp Jrodp de b de e 0r b dr o0 o

4“ _ﬂ.q“ & #&th.quu H...H._q”.._ H#H...H.rH.._ H....H.q”.q“...“.._ H.__ H.rH.rH.._ H... H.rH.rH- H#H.ru._. H.rH. H... H.rH.._ ”.__ H.._ H.__ H... H.__ H.__ H.rH.rH.._ H.__ H... H.__ H... H.._ H.rH...“.._ H...H... Hu H...H- H#thhn.-“t“... H...H.rﬂ.r”...H.rH.r“

r
r, L) U RN D DE N D D L D DE N T D N S T D S D N T I D D S P o RIS R B eI DI NN
" o e N e R P P R
r -

L dr dr dr e e dr e dp b rodr dp dr e dr b b dr e dp dr e dp dp de dr o dpdp B dp dp dp o dr bk Ae b dp dp o dp dedp o dp drodp dpode de U dp o dp dpoddr drodp dp &4 dp ok oy Jrodp e dp b A

[] POt A el dy e ol de f d ok d eyl e e dp @ e dp dr B e S e dp de de e dr e de e dp dp o de e dr de de dp e de de ol de dp o e df e de dy e drode iy e dp 0oy e

* S e o O e N N e P P P

-_.. B b b e b Jp dr e drode U Jeodie Jeo dr dp U Je U B o dr e e b 0k Je o dr h o Jr Jp o de de dr e Jp e O de Jr Ie b e oo Jr dr e Jr o Jr Jr 0k Jr be b b dr e ) Jr b b U e dr e J M e b M & b N

...i q.HHu__]!!H]!]l!I]1I!!l!!Illlllll.lllll!ll]ﬂ!l!..l.l.].]!..]HH]! .H.H]HHHHH..H...J..HEI].

r ] r P

] I L

-.l [ ] r m

L

]

L]

q

L]

L |

L

L _%

..“ L]

'.- Y

L]

q

" a

L - . -

[} -

L]

]

¥ .

r" B Y

...I

E

L§

-Iil-l.ilil-l-.l

- RN NN R N R R R R RN R R R e " ™ e " ™ " " " " " " " " " " e RN I P I I IR R R R R R R R R R R R e

:'j??"“memww

LA AR A AR AR

PR RO SRR N N N W N N NN R N

T e N R N T T Y Y

m....-....-........-......_..__u.__-._.........._..__.._....-.__....-...-__..............-.r-.........-...-....-....-.........-...-....-...-.--....-....__u.--._-__un--|__|n._.|__u--.--__un-...-.__u__-...-...u__-.._-.-uh.- A_E_ L L A a a l_a l a ok ke e e e b e b

-

e e b e e e m o

s

m_
_.__
m
:
m_
w

-

> A ar l.l” l“l“l”ll.....rl“l” I”.Hi_l i iy h b & Bk ok Mo b ko dk bk A dod b H.I.l.Hi o .I..r.l.HiH.l.H.l..riH.lH......lH.-. P d
e ! bl S . - - .
B I I I I T I o o e o vy S S el e A S g S e g o il Rl Lo I P A L T
o i e e e T e T T
B dr dr e dr dr ey dr iy ar e e ey dr dp dp e e dp W e o dr dr e e de de e drdp e e e dr e i dr e i e O e e dr i e i fll e e de dp W e O de i iy o
D I S o o e Sl i el e e e e gy g o T B T 2 L o P N s
B o I T T o o I I R o I M A I - I N S e
N A T A A i e N N R o o
e e e T
By By e e e dr dp dr i dpde e e dp g e dp o dp dr e e e e iyl dr e iy dp e e e de B e et i e el e dp e e iE dp e R r e i O R e e de i e O 0 dr dr g
A I N e e N N l  al o a aa a a a  paa aala
e e e e e e e T e a a a  a  a a  a  l a  a a  aa
B S I S I gy g o o T L e T Sl o s
o T T I S o o T T T T o o o L L A o o ol P o oY=
L e e a a ar ad aa  a a La a
I o N el M N A D o
[
o R e e Lt e e e e B e bt e W e o e e e e o o
T N e el S i R iy iy iy
e e e e e g e N
F o I S AL A L T B
I A o e o e Al al ol s i M) T T T
e T T e T e T T e Ta e T T e e e i T T e i i T T e T R N NN
F T T T o o T A a3 N N
o T o e T T e T e T o g Ty o e o T e T e o T o T Ty o T Ty e e T T T T e T e T Ty o o e T T e T Ty
e e e T e T T T e Yo T o i T T e T T e T T e T e T e T e T T T R T o T T T T T e T T
F o N I T o o i P
L I A e e e s s e el el ol sl ol s als i T e T
B N A o e a0 e % T a e T e e T
L T I T O o L de AT T e e i T
i Jr
s, e e o e D e oo e o e ey e e o e e e ur P AN N
F e e S I T o T e ol o e A S A * e i e A e g e i e
P T A A T I T  a a  a a a a aC  aa at al ol o) A )
o e a a  a  a  a a a a w  a NN e
o A A e A a a ar aal aaa a  ara a a a a aalaataE  a T R Al ol sl al;
A A e T T I T o e A AT AT A T i I e T i T T AT R
F o T  a Ent B a  A al x 'y E A N
D R A N N A A e a0 AN RN sl Wl
B A T R R I A N o o L e Pl N LA A A
L N A N I N N N N N i N
F ] o ar [ ] r ’ [ ]
' H.4k.q”.__.H.q.r._,.H...”.qH.4”._...4.qH.4H._..H..qH._._”...H..qH.rH...”kH.qH...H.4H4H._..H..qH.4H...H..qHkH...H#H.4H...H.-_H.q..q...HkH&H#H;H&H#H&H&H#H&ﬂﬂ#ﬂ&ﬂ ; H&Hﬁ ...H&H.q”...”b”. ....“JH;H...”;H*H..H..H&H#H#...*;
ir . k
.4”..HkH._,...q...HkH._,.”...HkH.q”...H#H.qH...H.-H.qH...”..qH.qH...”..qHkH._..”kH.qH...”.-HkH...HkH...”...”.qHkH.__.”.qH#“.__.H.w”#”...”&”k”...“...”.q”...“.q”.q“ ™, “ H*H...H.q..r.._ .r...&.-......&...4&...&......&”.4”&”*”...”.._ o ....q.a..H.qH !
B A A e i al L N S N - ar i v i i
L I I I N R o g A e o L L el L N I AL A B A N A -
o T o N o Al Al Ml M A : R At e A
N a N a a a a al a a M T T i g W
L T o I L S L g oy iy oy SR T
O T I e o e ol o o N N Nl N A A ) AT R R T e T R T e e T Ty
B T T T A A o T N ol o il
L e e e o e e e e e O e e e e e e e oy o ot e Do e e o e o el e e e e
I R R N A N A N N e AT S A A N N N N Ny A N N N
E o T R e o T g g P S L AL Y A A S L I T e = '
F I A N N I N B A A AL ol S L A Al e e T e T e T T e T e T T e T T T e
o A e ey N A A el N = N '
L N N N N N B N e N N o N N s Nl o e
F o S L I g i B N T e el S A A I T e '
A T T A g T T i T Ty T Vi T i T i T O T T e i T T e i T i e T T et T i T T T T i T e T T I o T
B A T N o aa a A a  a  a N a  a a a a N a  a  aalaTal aral arL '
F O I o o N A L L T L o L L Sl AU o
o N A A A A s a a a a al aa aE Aa a a a  a a a a a N a ala  al Lal '
i e e T T T T e T T T T T T e i T e e e e e T e e e e N N N el
L I o I e o ol L A e e R e TN, e L A L A AN PN I AN N LA
A A e T e g T T e o T T T T i i i VT T T i T i T T T T T T T e e ey T o a Tar T e N T e T T
T I I Rl el oa o al  oal o e ap ey e e i e S g i P g e i S A N N )
B A A e A A s W N AL L At a2t sl L al a aa Ly Dol .
L A N N N N N N N N N N e N N T A s i aa .
L A I L o A L PO - '
B A al a  a a N aE  a a a aa  a aE  aaN y AT o L N N ) F i T
O I I el Al ol M S N =, P N L N N s X!
T o o L L o o L ar e e i g A e e e a N ...k.” 5
L T I e a a a a a a a a a a ar aa a aa a aa a aaa a atal a alaly Pl W T e e T ' n
B L o T T e O g e T ae e Ta T e Ty
O o ol A o A Lo S i P i MMl Ty . ;
N e e N N aCal Y o A e Nl de A e T e I By
L I I T S I A N L N N o A L ML I A ol el s P, T
L e e T T o o T N o o T Lo o P A L S PN N
P A e ol s At ol al ol ol Pt PN el el sl ol allat ol Pt s, Tl
B I L o L A N A ol ol N L NN Ny
P N  a B N N a a als Waa a aa a a a aN) PR Wl
B A A N s e il el e et sl Wl ol A ey P oL At ol Pl A
B T I I Tl o N L o o - L L Al gl PSRN, N A
F O W e i T e e e T e e T NN
B A A e N X N e N sl el ol Pl o, vl
I N A e L S . N M T S A ol 3 S SN
L o o o A L N A A A o Pl N, N
o e e a aea Tu Tar u Ta T  Ta Ta Ta a To Tae ae T ae T Te a d  dW r  eaE P N L A L o W e
L T I L N e e s X e i e it e e e e T e T Pl T
P I I ol o o ol o o o gy A AT e T T e T e T e e T e e NN N
B L e A A el S NN P, a1
L T N ol sy AT T o e T ol e T e e T e e e T e Ty
F O o T o O o I o L I I i - e . S S 3 Ty Tl
N N A s e N e e A N o
O S o N o e B S A A A e T
D A N i  a a a  a a a  a aE aa a  a  aa a aT = NN N 3N
L A  a aa a a a a a a aa a aaa a aad a aa a  a a a  a R e s s e oA A e s s P T u il
WA e e i T e T T Tar T i T T e A e i T e A T e i T i e T T T T T T R e e A e e e e e L ey
R I A o A A Nl e P A N I = I M A o Pl v
T T T e T T o N T T T T T T T e T T T WA e T A Al o
L o o Aty P WA e e R e Ty - ~
L T N N i a P NN ) P N N Rl 3 h
e A g o L A e e s el als W T & ol ey -
e e e e T e T e T T o T e T T a T T e T e e Ty e i e e e e e de e e e e e e e e T P AL ot
L I I B T ol ol e ) de i e e e e e o U e o e e e e T e il e
N A A A A N W W ol PN A Iy Nt s R T
L T e A aa aa Pl N P L L W T T T T T T e ol o
L T T N W o N A S e ., a e s Ta T
P e e A A s e Pt N A N A N R Tl s N, 2 P i
T e  aa  a a Ta a e T T o T T T T T e T T e i T e e e T i T i L T N L dr i T
F o I S R Il N A L L L N N N Pl X
I N A e s e s sl s L el A A L A T N A e W ok~ s
e T o e T T e T T o T T o e T e T e T T o e T T e T e T e e i i i T i e e T gk i e e i e e e e T T T e T i A
o R M N A M N A A el W = P N NN E NN N N & i L
P e A et A A A a2t M Al et e Sl al a L s Ty P T e e N AR e T
e T T T T T T T T T T T T T T T T T AT e T T e e T T P A
L I S L e N N e o - L o L s N A Sy S el T
I A A N A Al s el Bl i ) P L Al A o v gl gl S el
I A I I L N o AN o N e ol ot an B LR Sl
E o S e o o =T g o o o A e S L A N ) ﬂﬁ. de iR T T
L a1 ol i ada
P T o Il o I A I o ey O e Sy g e gttt N w
L o o o N e o A L o o O S S e - g Sy el . +du
R N N N N N o L A o e L N LA s i T R T
LI I S T e R I e o o e o R et T e N g gty g v ey iy Pl ol g P R -]
A T e e AT e T T T T T T T e T T e e e e o o N N o P o W
N A e e s e e o e ) T = e e ™ x
e e e e T o e T e T o e T T e T e e e e e N N s e A L N A L T e aurapragt oy -
L R A N ) a e e e e T e T e e e e e i e e e e e e e e e e WX e
de i i Ty T i T T T T T T T T T T o T Ty e Ty e e a a e e I N A A A N A A o e e T s N -
I T A O I g g e g g g oy o Feg ) N I I Tl o LR M N N R P, "t
e e e e T T T T T e T T T e T T e T T e T e e e e e T e e T T T T T e e T e T e R e e e T e e T T T o X' i
N A N R N A N A a a s a  a a a  aEa aE a  a aa aE atat ttn. o ila MO e ]
N A Ll N W .q.._m.
A o N A N NN A N N N W i T T W =
L I o o o o o I A I Sl I S o o ol T S st . e
e
- k .
e e e e e ﬁMﬂﬂﬂ. e e Do e Tl T e e e e e o g e e e e e e N w.
F e A A ur L T A e N N Al +da
P T T N N L A N R N N AN N a2 M Al x ik
.r...........__.....r.................r.._..r.......######4###}.##{% F dr dr Jr A e Jr dp o dr o Jr A0 i dp dr B o Jr o dp e de Or 0 B dp dp i O O i de o & e U odp Jpodp e de dp dp dp o Ol dp dr dr O & L
e e e T e e T T o e T T e e T T e T e T e A e o Nl el el -
._.h.._........._..........................r...tk..........t.........k......# e B N A A At Al W M u iy
L I A At ol el N A AL o A A = I o w Y ] g
L I o a1 W e e e S e a aa  ae Ta aeaae eae  a a e a a e ta  ae ke e aa aly
O B L il
e e e e e e e r e e e e e T e “.4.......4..&k.....&......k.—...........k.r#t......k.— “— ‘. .
A o T e e e Ta e a e A e e e e T o o T T e e o T e e T e e T e e T T e e e e e e
A A T T e e T e e T T T e T : L L o O T T A M o N N L N e
A A o el ey o A A o A e e N L N e ol ey
A N e A A Wl WP e Ao e T T e e T e e T e T Tl e T T T T T
L N o a  a a  a  a a a  a a  T e e N A o) N N A ﬁ.
de g g T g e T T e T T T T i T Ve g T I A A A e a a aC  a aas » e Vi T g Ty i g ;
L T A L T L o el W el araly 1 e T e T T e Tl
L R N N A A N N R T N N N A
R R L A N A e N oy L A A A e e s el x A N At e o)
.4;.__..._.k#““kgkrib#&&ikkﬁik.«&&#; T T T T T e T e T T T o e T e T T e e e wA T e a  a Y ;
L h_ #k*kkkk;kkk*#kk#k#ﬁ?&# A N N *%k#tk#&*t#&.
e ar T e Yo T e T T T Pl L N A A N ' Al v L I L A Al = v
W T e T T T Ty * N A T T e e P O N 2 e T e T T Ty g
e L T N L AN P L L P N L M
.r....-k#&#ﬁ&##&##k#k&##;##&&#;_p..q.q...-.... P U AT ...-.....-...............&......&E
A L A o N Al A B T e e T T P S :
NN W F o P A ATl ol L N o L T W A N N P N
N ar T T i T T T T T T T T T e ey 2 L R A A AN e
L B N A el a g tyt g Lt s e a T i e T T X T a e T T
Pl s S . ) P N T e e A e T e P N
dpodp g X % 4 & dp de dp Jpodp Jrodp b U o 0 dpodp dr o dp & dp .*4##%&.### ###ﬁ##########i ar iy g dp e i i
P N N e L A N L N NN LY, PN LN WA T e T e P
Y X W D A A A At A AU N T B N I A N e At s P A
___“...HtH.rHtutHk#t e .-”.qH.-H...”kH.rH...HthHtHhH*H#HJH*HthH*H...._. r”.-.... ”ku.-“.n. ¥ u hHLq.r”. t.qtn.qu.rr H&H...H...Hku...n...”k”...”.r”t”. Pyl H...tht“..quh”ku.qu...uu
.r.q...._._.q.__..r._._....4.q._..4%.4._...__.4.4...._._.4.__..4.4............&.4......4...&...&.-4...&&....-4...& ..........._....._&“....w...n.nn.q.qt_. A P S ._...._.w.__._-._..“..q #“'#kﬁ#-&u&@fﬂ
P L N N A N P A o N P ey N N A ##ﬁ*kh L
P A e ot A P - o) " el ol P A e el Rk x4
T o e T T e T Ta g T e T e e T e T T T T e T T s e e e kt.%*#&*#k*#k...#*b I "
L P Ll e N < N ) U e T e e e Tk T o N e
R L At el AL AE A a0 Y e A A el ol et il sl s .q........w Ty
a ey e ) o A o s L e N T T S ol o A P TN N i WY
i i P L N T P R N A A o W N N e Nl sl al a2l iy ur
A O A At At LN o T o iy T e T Cal
e T T T 2Ta Ty Ty T e T e e e e T Ay Ty T Ty P g &#.ﬁ%ﬁ##-. e e Aa e * X
i N [ ] i . o
N NN AN Fp ﬁ. - W e ﬂﬂfﬂﬂ%ﬂﬂr PERERC AT Al MW B N 2 o N
S N Jp bk dr ki - dr dr o B apd ae iy ' 3 ade ap e o] o dr i kA o Y s PN s &y
P T T T o N T I T T T W o o K s ¥ o A e e " ur
A w N A Pl Pl ol i i 4y P A L T s LR P A I et T
e . Al Al Ml ML e e o o e e e ML LAt M AL won o
L A Al el A T R A o Al e e x a a WX 'Y 0 '
P A L T . ' el i T . P EO e N
L S A N P L A ._,._q.._.%w P S A NS Pl i o T e e
&t#&k#n&#&k#&.&uwﬁ.i;#t&it ﬁ_.#nt P 444&ﬁ&4 o e
[ N  aal Lo A L el Pl A N Ll A > T A
u e e T s, S N O B .-..-_._.ﬂ o A N N A M o N T i e My
B a e Ty =y o] Pl sl A At ol S A - S N e
PN N P P I L Ll g xow o ae e a T e e i e e X% g, P
W T e T P sl Pl P A A o Wl x PG A A
[l i i Y, ....“..q.__.#._,..,_.#..F..q - ._qh.-._,..._..........._...q..q._uq..q.__...q Tt T .4.__.*#...#&.__.._1*...4#_ﬁr..r.q....q%ﬂ. A
W ) P dr iy e T e e e e e A e e Y A o Y
...##...44;.-.?#* P el Pl al ol Ll al N Al al; ) - R A A
d e i A e P PN N NN e e e .y N S N
Sl Pl s dr i iy S R e e i e i S R e Py
i i A & b, R X
N . ;.4k&&hﬁ;ﬁ&tﬁﬂ&ﬂ&ﬂ#ﬂ&ﬂ#ﬂ#ﬂt” *a H;H..H#Htu...k. ...H....,..'H&H...H.'H#H... ) *t”#u.%Ht. ..._H._.H...H.-H.qn...n.-u....._ #...tu...“m
e B L A L PN N e Pl % ey TNl Wl
W P Ay W P e e T e w P e T T T Ta Tt Ty T
P e Aol el ol ol Lo T L o iy Wl i R A
L At Ao ey e PRI e Nl NN L o L e b
W e S e e e e e e N N A} .........tw xw ] - o N L e
de T T T T T T T i Tl Ty PN il sl e ™ P At
e e dr i i e i e TR e e e wax m a a ) el e a P Al A L e S
AT Ty e T ) o RN L A R L N NS L ) O N AN
w e e T * N N N el #&##{#;##%ﬂ##{**{ RN AN N L o L,
e P e S e gy i Pl i T e T L N el )
T e Ty Pl el k.#kk..k;#;;i.wwﬁ#n.. 4########%#4 1&##&4%&#4 L L R
T e T T A e e W e e T a Ty T ) e T L P T T
N L A s P A dr A AT e e T P} P ) - e e e T T T T T T T T T e T T
o o F ] & " & b,
:&#H#ktﬂ...ﬂtﬂ%ﬂ&ﬂﬁ nrlod -_.4”...”...“.4 ...H.qH;H...H;H;H...HJ..J._...HJ..#“...H# = #“&H.q”#”knk”#”k”k”ftt o ...k“...u H...Hﬂ...utn..u..nk...* tHkH...ﬂHkH...H...H.. .. Hk....qu...uku.qu...“kn.. H&H...”...uu
L il ...#4.4#4._..4.___.44u._h._..._.....q#t##...;*...#ut_.”#.... r########ﬂ#*##t##.‘..q#....#.q.....q. i
e e e w e T T PN N N e o e T e T Rl .t e T e T a aeal  Te Ta a y T Ty P L W Ay
o N R N N I S A N Al A w T A o A N B TR Al i o A
B T R L L NN sl ar i Ty i T Ty e Ve i W e X A P N N N G N
T e T T e T e e e e e e T T T T e P Al PN NN 3w e a T ae a a E
P R A A A B ar g e de i g e iy e P N w T P NN ; R RN o o e T
T e e T e T a T a R w o e a a Ya e T Y, A T T T W'
[ el gty e A Nl B O T e A I A
Il A o o A o e e T e R S Spr gy - Sy i ay g Sy oy o Py gl o g o ol L M Ay
L R et o e o O o L I L I T L T A B s sl o o N 3 AT e T T T e e T T T T e T T e T T e e
o NN N o e e w a w le a a a T  aw a  e a N A Pl P A N N N N R i A e
T e e e e T T e e e o e T o T T e T T e w w P N P O o N o A
gt N e e e N T A el e e e A e A e RN NI L N N o Sl
e T e T T T o vy YA Ay g oy iy e T T o Yoy o T g T T T e T e T T T T e T T e Ty T N N N
Wt g e  a w a aT a w w r a  aa a a a a a r aa  a  a T  a
ko om e M} Srde dpdp e drdp I dp de dp dp dp dp dp dp e de dp g e e de SO dp lf dp iy dp e e e de dp o de de ol e B e e de e e [ e S e i ek e de de o de e dr dr e de de o de 0 Jr dr dr dr e Jp e de wiij dp o de e B
PN T e T T L I S I o N N N N s w B
i N N A N N N N N N N W NN N NN a Ty
P N R N R e sl ol R N N AL N N NN ! P
&y S AE AN L ML e e e N e R rdpdr h .-_.....r.__.r.-_.._.r...r....r....r.l.r.;.._bi R l...r....r....r.;..r.;..rl.....r.-..i.i-n ....-_....rl..r.r.._
A SN AN ML N ...u_.....qk........_....ﬂ...fr.q.........#._u&t..rmui..q e B e e e e e T e e
.r.-.......-_.rtt.-.......rl..........-...r.r.__ .........-.......r._. L, .r.........-...........r.....r.-...........r... .r.-...r... .r.l.r.-..t....t... .r.-. .....r.__ .....-..... .....r... I .-.....l 3 .r.....r.__ LRI .r... R - .r.-. e .r.-. .r....?.....-. LA J .....-...-.... .-..... X,
. PR T e i, | u......&....q.qt...&..r#.....,._._....q.._.....k...&..t..k.rh........_._.r.._.q.....“tﬁ.. " .._.._1.___.._....__“._1._,.._“.__..,.__ .q.._“.__.r.__ “.._t.._.r.__t._t.._.._.__t._t.__.._ Pt h-....qa.__. e
w ok rw e l  a e  e ae  e  ie e e e u ae ee e e w e  e  n eR
= .l_.l = o=osT= |II'.-..TI||I||I|.I.|I||I| = ||I||H...!|.
o o . A - ¥ .

4

[ i

3.

u
"
;
"
"
"
"
[ ]
;
;
;
m
M

T T T T T T R R R R R R R R EFE RN RN R E R R e e e TN YRR R RN

H N W N.N N.N.N N.N N 5SS S S S A A B A A A A A A A A A A A A A A A A AR, A A A A A A A A A A A A L A A A A A AL A AL A A A A A A A, WAL AL .. .. e

L§

o

L A N N N L L LA L EEl R EN

R R & R AR R R EE N EE NS F SN EFRFEFFbD R

- - M = = m 7 E = . 7 E = " Em
R R PR EEFEE I I I N BN -'




U.S. Patent Aug. 22, 2000 Sheet 2 of 4 6,107,100

L ] MMM S T M W T W T W T W T T T W T T T W T T T T W W T T W W T W W T WO . o T T T M M S . U e, . - —— i e e el e
R R Ry LS L —————— T — T T

[T AT ST AT AT TR R AT AT N R O e A A A o R B R R R R R B N R R R R N N R R Nl T Rt i e il i i Sl S g g i i M i A e e S e I i e S Ul T e

. .
1]
:r. x
. L]
[ ] 3
. L]
[ ] 1]
o x
1] bl
r, ]
r r
. ]
lII ) 3 'r.
. . d . . . . ] b
. . L . r . - L ; v
" kg : ; . o =3 k 4 ’ W
n [ . » K [ , . b -
[] - T f - - m, e ' L ] .
. W P it I ]
N [ i P . . ! » : : '
" . A R T I I I I I I I I IO I I IO I OO ¥
. W e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e A A A A A A A A A P A L A A P e e e g
N o
[ ¥
- ]
[ ] r
- ]
[ | r
- ]
[ | r
. ]
[ ¥
- ]
[ \
. ]
[ . *
- ]
[ 1 ¥
. . .- -
h . . L
. 1 T T R L o ]
u G rg .T--'.:-‘J!#:#-I:#i#i###i:‘#!###ll‘##lt# "
[ : Sk M e e e N e N A N Nt R ) ¥
. L] L N N R NN RN e Nt N e et RN N N e ) 1
[ : N N e N e N RN SN el N e et ) ¥
. L N S N NN N M e R R RN N ) ]
[ N e N et N et N NN R NN N NN N N N e r
. o N el R e N N R N R NN M NN ) ]
[ N e e R e e M N e e A e ) "
. R N N NN R et e R N M) ]
" R N e N R SN RN N R NN RN e M) ¥
e e S e S e e e e e e e ) 1
) RN e Rt el N N et e ) NN *
LR et R e N L RN N IR NN NN ) ]
. L R e R R e e el el N
. . - RN N e N R NN N et R et et e et N e N e ) ]
[ N R e e N N N W NN SN N ) ¥
. ? E R M R R R R MR RN M ) .
[ i3 LM R R e el e e et N NN R N R N W ) "
. LR B ) R e e e Rt e N NN N e ) ]
[ P R e e e e el e R e e N X "
. ) RN NN N NN ) LR L ) ]
r ﬂqﬁ L M R R e MK X Y
- r
:- p o R NN i:-t' l-:i-* *l-:l-: L
.- ) N ey : ) .
. » L) » - - L]
[ ) ¥ "
1]
[ e Fx -
. L L) MM » R
. UM N ) L) L]
[ NN ) L) .
. 1 MM N ) ) L]
[ E ) L) .
. NN N ) X L]
r MR L) .
* N RN N ) L]
l: M PN B RN PR (RS REEERTREEEL SRR L LR LE
[ ] d X & & b Jr & X N 1 ]
. x M N N S N ]
r N RN N | "
N R N NN S W .
': '-'l,-' ?} L o e e T e e e e Ny ! 'n
[ L N NN NN N ) | .
. R N N NN N N L]
N NN R RN RN 1 .
. ﬁ N N S N A N N NN N R L]
[ XN E K E N N e X NN 1 .
. - R N R N S a a L]
[ - N N N NN N e ) | .
. ; = R N BN R K BN XN N .
u ﬁ' PO N N R Ot et R e S LR | :
. R S e ) ERE SN L]
[ LN R N N el MR M 1 .
. R RN NN RN NN L]
[ ‘Tt Lt M e e N e ) 1 .
. N N N N R NN N N N R ) L]
[ ﬂ RN Rt el e N N N | .
- e e R e NN N e A . L]
[ LR NN R N e et NN e ) 1 .
. N .
" L 4-*:":':*:":*:':*:*:*:’:‘:‘:‘:‘:‘:': : ! 4 1 C ":
[ RN e e S N e S NN R NN ) 1 + Mt v [ .
- R e N e R N R NN ) - - L]
" Q" EE R L e R et et et 1 ’ ’ .
- ot e N R N N N e N ) : L]
[ ' e e et NN R N el N N e ) 1 .
- L N R N R N ) ]
" L N e e N e NN N NN N M) | "
N R R R R R e ) ]
N Lt N e N et N M e e ) PN B
. 1 i R R I N R NN N K 1 SRR R
- F e e R R R N ) .
" ¥ L R e e N e N e e RO e S e ) "
- g e R R N N N ) ]
" o R N e Y N S N e e RN ) r
. R R R R N N ) ]
b R e et R et N e ) .
N N N R N e N e ) ]
" o e e S N S S e ) "
R N N R N R ) L]
" N N N N N N ) "
N N N N N N NN e N R ) a
b o N e e ) "
N N N N R R R R R N ) ]
'] I e e e N e N e N N ) ¥
; o R R N N e e ) ]
] R N N e N e R e e el e e e e E) r
N N N NN N R R N ) ) ]
b Rt e et et N N N ) D) ¥
4 R NN et et N R N e ) N ) .
'} R e N N W N N ) e N e ) ¥
'H I N N NN e N N e N ) R ) ]
" ] D BN S S S i e el R e e N E ot et N N N ) r
. - R R N R N N e N e B R L) NN N ) ]
e S S e N R N R R R PN ) R N ) "
: hl ' s s e N N e e e e e e e e e N W
RN RN N R S R N L N N N N R e N M R N R N N ) ]
'] RN N S N s g i e e e e R e R R RS e R e R ¥
: AR N K R R KRN KN R R N R N R N e N N e N R N R NN NN NN . ]
b R e N N ) o R R R R R R N R MR M ) ¥
LN N N SN WO R N NN N et R R R R R R N e N N N e N N N N e e ) ]
" S N N RN et R N N N N N NN e N N NN NN N S N ) ¥
. o R R R M Nl MR R R N R ) N e R N N RN ) ]
N E N e e N e N ) et N I M N e e N R e ) XX NN RN R R NN ¥
N RN R e N FE N E N R R R R R R R R R R R R R RN R R R R K R Rk R R ]
'} T T x T e e e N N S R M R e N R e e e M) ¥
R S N N N ) ol B RN R N R R R E A R E R E R RN RN E NN e ]
'} NI R R e e e e N e N N R R N N RN SR e N ) L
R R 3 o R R R R R e e e e R R RN N ]
h S NN W N R N R N R NN N et e e e e et M e e N RN RN M NN ) ¥
' AN N MMM N L I N e RE et B0 RE D M BE 0 M N NEE I ME D M RE N M N M N W e ) g
' b )y - " O] A A A AT Dl " ] [
X ] o ¥ ) a LN M L Y
N . - "
] Y
h L
- ]
) Y
[} L
N H . ¥
- » ] = 4
:_ - . 1 - :q
N . . .
- - X
i ¥
[ ¥
]
N ¥,
h ]
X
) [
. . = N
[ ' ¥
. . N 'y
n_ . . iq
b ' ., . )
i1 . - I*
h ' ]
N r*
. L]
:- :‘
N r"
) .
x
N ¥
" . . e i '-'-'-'-'-'-'-'-'t‘-'-‘t‘t-"l-‘t"-"u-"-"-"-"-"-"-"-"-"a-‘?
. . A A " . . . " . A = r F b F 4 m = = 5 5 F F 5 F F 5 N F R J ;. s B FE FE FE EFE & P FE E P FE E LA . & 2 2 2 T £ 8 2 8 8 28 8 4
L*-'-*-*-*-'-*-*-'-*-*-*-*-*-'-*-'.*-'-'-'.'.'-'.'-'l'l'l"'l'l"'.'l'l'l'l'}'l'l‘l'b-b-*'b-b-*-l-b-b-l-h-L.L-L.l-b.l.I.l.L'I'l"!'l.1.I'I.-.1'F-.-.-.-ﬁ!.-.-w'.l. L = & L L & X & F B & & £ 8 & & 85 .




rrr
A & & .
a & a

wrodr dr dr dr dr Jrodp Jr A dp dooap O Jp dedp Jr A b b b 0 b be B e dp b K Jr b & K b bbb b b b Ak b M A k.

. . . ............1....1..111..1.1...1..

.H.........I.r”...”.r”t”....”t“.._ “.-.H....”.r”....”...”...” Iy .r”.r“.#”l.”.-.“.r”h”.r”.r”bH.r“.r”.r”.r“t”t”.r”t“.r&..rk.—.#.r!l.l.l .r.r._..._.t....t.rl..__.-..__ t.l.;.i._1...-1....-1....-_...t.._..1...E....t.-...1.._l_....-_....f.._t....l..-.I...l..lt.._l...l.....l..rl.....t.__....-.!.r.t._..t.._.ri.t.._ til
'

- o o b A o o & ar F I N B ] 4 b b Ok b ko A N A B T B R B g R ) o o P o r & & b i koA o

e o e T

sl Jrol dpodp e e de b dp b dp ok de ’
N I N N N N N N A A N R

b:l:b
R
L)
Ty
X%
E M
it
Pl
'r:l:#
oy
AL
ERCM;
u:ar:Jr
L
L
A
o
e
i
)
E RO M)
‘:-‘4*4*4-'1-

Aug. 22, 2000

e T T e e Pl .
o P I I L R e e T e T e e e T e Ty e T e T e e T e e T e e T T e T T T T T N T T T T, .

o L N A L A I o e o e R e g R g e St Mo PR S S S Wy S S RN

e N A T e e e e e e e i e e e N T L
T T T e T e T T N T R T L T o I I N A N N N N N

P N A AN e N .-.-4.;4....................4...4....—...........“4..t....r......ut..t....-.....,.. VXA e e e e -

N L N B N A A R A N

o N N T e a a a a a aar aa at a a a  a N NENENN

o L R A T N N

: Pl L g e e T L o N A N A N
o r o & b W h b &N

o A W e e A N S R e e s e T

e T T e a e T e e N " T T T T T e T B ke e

o Ta e e T T T e e i o T e e e e e _-"-..._l....._...t....................r...t.r.r...r......_.._..

¥ Ll WA e e e e A A A T

; N A N Al W e e w  a E a

’ M A Ml L N N

o Y

A W e e Mol ok e W e N R N

T T T e T e e » » P N AN

e e e e e e e ! i L L W N N

A e e e XA LA N AL

.............._...........__......_.......-.__._.t:t nul.q.-_-_ * : : 4 ) N L N R

o T e el M T u R FoE N o M NN s

._._.v.q.-.-_.._.r............_..r.r....__-"-l x w2 P N NN

b e ke e T e ] n n * TR N

o w  a a ael e nEEE . e o e

PN NN i e P e . . . x A u ko h A ERENERN

: N = o o, e woa e e 2 T o O R e M N NN M N .-“..__. ........“..-H! .___.4“..- X ......u..qu.— S e
P’ " . BT e A e e L N L T N N N A A A N

| o i * & & r [}

”l“-H Hn"i A o ktuth.a..t...n.._u...rlu - ”_w“.-H.rH._..”.4H.4H...”.rH.._.”._..H..."...H.thH...HhH.qH...H}H.rH#“...H....-. L A AR A SpC T Sl nl i M i,
Pl ] xR N LA N A Al a pE et atalalal o
'y o P N wa e e T T e T T
v e o w s .._......._.__...........r.q.__.__.r.r-“. _._.................1.....__.._......_..r.._.........r.q........._.__..r...tt.r............r.w..........r....r.a....._.._....q.._
xE, a x N NN NN i T e e T e e T e
e ) B ML N N A Al A N e

x P NN Pl ) : : N P A T AT e AT W

A A L P2 ““ % W) . ; T .......r...r“.r.__ T.........__ e e e e

N L A 'y N il e e T T Ty o

S N P R R e L lw o N N R s O N A L L l-_

i i A Jr o I . r F ] ar o * & r

i L R e i S N N NN R e i i i -

ara e e e e S NN S ..#t.—....r.._-....q.._r-_.._.........___ﬂ.r ﬂl%nl Wl

P N A N N .z R R o e e o o L L A B el "

P LN .__......_..__.__._..__.__"l"._._ lhinnluna T e a a e T  wTa o AL T R A A A Nl o N

i i [ M W b kA N oS o [ ] F F ]

N .r...l"-.._... e e e I L et A T e

e a a W  a  e  w ae e P A e e e e e e

o e AT e R A L e Ma.— oo

L Nl ln.-._-. e eI A _-H-.q....._.__....r ....44...&.4&....;...&.4&.......-&...”...“ Nl e

AT N T N T T e A N N N s [l o x

P P AR AN A M e o

N Pl a0 e e e e e e

P S R P N T ) e N

Wk e e T T

u A W e e

P AR P A P .z

dr i iy e L O O i R a_-ﬂnm.nn

N0 a0 o W e T w

P ey P M L l..............r.__..._.-_l-. L :1-

kT A I AL L L el iyl g A i ) : "u"a

ol s N A B a Ll xnu.hl

NN NN L A L N N ) o

d iy e i AT R e e e e e e e e A Y Y X

P A e A e T

T A A L L i 2o la..

X N X n ) LA e A EEA"A R A—A~m- A~ - - R, Y ¥ mTTETETEEE R R s A A AN AR ER AR
R N N N e . ., DN AN« T e g e s b ey g BT RN N N N K T
B e P L i A L M A N NN NN NN PN o] N m n nnnliM E R ARrE RN EEREAEE AT R O
L e e o I o S e Y Ry Sy o A T e e T e Bl " x i r " n * = R R R R ol
v A A e e L T e, B e o ) » :Vua - n lll“nnl“-i X E TR EREE R E R KK R R R R R K I e R
I A Al ) P A e e P I e ol WX x AR E AR R KRR KRR P,
e T e B e e A A X o T a e T e e e e ) o . r o e o O A N, N )
A e iy i e e T e e B B e T e e MmN o WY o S R R R R R R KRR R I T I
o A N N At W . x. o e T T T Tt T w ataa y i X K EE ERER KA AKX R AR R AR KRR TR XK o A
o I PRl » P N L N L RN e " x L ol o
e N e L A S L L NN N NN NN l-“a A R AR R R R K R R o I T A I R T
A A N N PR Rl B AR T e e e o . u T R R e xR o N U
e T T e T e N A A A e ey x o " n PN i U A A A S A
e e g T e ’ 1y A I N e A N e . " xR KX RO T T VI T
T T T W A e » T AT e T e T o xR a o XA KRR KT o N A ol A i
o N N » e AW e WA ek ke m Ao ! xnm " i I, A o Il I T
B A N A N -_|I-_ P N N N T i W K R e L N T
M N LM l-"a.l-_ » dr T e e e T i KA K A A K XA A KN AR KR R O A U
Bodr w T e e e Ty " » a e T e T e e w e e " A ) P S B A o
A o N e ) el P NN A S N = O N R N R R KRR xR R N
P N W R W e n R O B e e . T XERTRETREEXTE A P T S O
P A W T . A A s PN NN ® o, " I ) PO o A
R e e PN e Y a Lo N T T X, xR E XN TR _ﬁia M R E R O N O A R
ur T A o5l n . A N N e A KR EREERER N L L U ol
N e T L T e L) N N M N N NN x XX R R R R ) A a0 A, A O I I A I
o A 1y e .._..r.q.......-"\vb..q.r.r.r.r.r.r.r R R R RN M R R R KR T IV o A
T i T e » R A R et x EXERAEER T EER L ETENATR Am . S A o U A N A A O
A e e e T n Sl e N A RN NN x O e ) " P I ol i FO T A FYE e A i
B W ey A e n W AR AR Rk e e ke ke e ] R Rl el O 0 e R I N
e B X e i B e XA L AR AR A KM L A A e A
PN A N N X S S 2y oA e T x R R TR e . : O I A O, I A A A KK o
PN A e S I T R e e aAm N R R a FOE oo E g A o
BT T B e e i Ak e x KRR REAENER RE A AN X Yy A A A XK P A A
N N AT A T e * ) * e e X KR X R R A F
e i P, Wa Wl i e e e i R ek o e Y VM o XA A R i B
dr ot dr ol dp dp Jr i W Jdr & Jr Jr b oa o & N drodpg Jrodg op i o b b b 4 & 4 N X Il! e X oA P o M XN AN E oL A x i e F g BE_FEJE A X AN M
B T T e e sy T W e e e e e T X N "R - i R A o ol O, I

4 L L e o P NN N NN N x e N r o XN K o o F T
A Bt At It A A A N P xR " % oy x A A A o X o
Ll N L AP e W R e e T e e T T e " - W e Y Dol el o X T
N T e e e W e e el e e i o xR - g O o T
e P N A A A A A N P e A % A x| X O KR X A A A Y ! i
N e NN R N A S A I el ! X x ® YN ot e s i
PN A A A o N N " &ty x o X R ) ol ”o R R,
Par ok b o & Bl N i b b oaoa d R - B i o dr g dr dp o Jr dr e e e e & b X i ¥, N X E ol A i i M A A A K B
o A AL N v P N N I A L el "l P, " x FO XN o xR KK
Bl e e e e R e ke X! NN N P 'Y X x " O I A o X T

KN A e e ; ; A M ; o ; x A

f O L N R il e e e e e atte L ) ) o - e " N e
N N N R A A R i L N e N AL R R R Py X S ol A R R AR A
L P A N PR L = xn R T e N I M P I A e O A U 0 -
D N A T T A __-ual___x n nr N N N “-..r.q..._-__-.._-..a.r.q.....q....r.rr.-.r...”"-..-_ ¥ ol A U x X, K O
L e o A PN T el oA “._n x R AL e B e T i XA A o . iy X R A K KA
N N N AT e a e PR A A N T N TNl Ty . i i o ol - L g
PO R e i I:alallﬁl“l e o N T N ._._”!... n u - Xk o T . o e L
N e e e e i " e A L A N s E WX XA A A AN KX KR AR e gl A i
Uy e e e g e e e e e e e T T ' Pl X N L K 2 it O -
Bl A A e e e e nanlv_r.nxlllll s L R RN s " oo x » Py O X W R N Y X O
a e e ae  ma +l_. o ey e e e e N A A ] g R R R R A AR i K A xR A A A
N N A A N N X A " P S A A N M, ) 'y A » x e X Y ! L o
L L R N A et e kA N » R e T T e O O L e Pl o e e o e i ! ol ol e O

3 W T e T T e u PN N T P TE PC A a aCax, oy e A W A A A A AR R nlvnnll gl A L I S
.- WA e e e K D Ll S R o A P n A W I R N FO A PR -
W) N EME NN e e e e b ey e e T e O 2 xR e Ty A X N O T
ur O ) A A A A B T e S AR WREE N AR R o A N XA N SO A A
B e e Ry de e Ty e e e i mTaa e i e, N ¢ o e N Pl o XK 2 o R
P S A I N e e e e __.4........_......_.t...........r-..__-+.._"-.-.... Y O ® K a : ! / R xR R T 2w, S -
I T T e i i e e e I A e N L + L ; Rl R E X EER Al ) o, 0 AR KR AR K TR A
aaa P e A e o K B e e T e . ’ S . R A A N R e N A S oo ’ A oo % o e
P I I L e e N L N N A Rl oA, na KA FO e e / ; S i ) . I
L A o Al x x e, A N N N L = A A A ol x W e i i ’ ol a / ; R A A x w5 i
Fodr e e TR e e e I S N N A N N xS Y, o PO, g X Ex K TR o Pl 2l ; W, FAE I i ! ¢ N o

t L S N N S el e e e *.4........_.....1#.........._:—.-___.....1._.4"-. iyt R K e K e A T : Fo E T AV g i N
N A A e st e s o % X N A AU N, A N Fol o R A N A KRR XXX AR o / / o A A O
L L a ara  aa L N N A I L ST . s ool Pl o e Pty Tl B o -
ey iy | LN N M N N PR W Ly A R T ® o L N A i
e e e o e i W e T aaaty e XA A A AN o W R KRR e M A O o R A
B e e T o L AL A L - x U A u T * o N Ny O o i O X R K X RN

e N T 0, L D ey e ) S N M N N ENER. n O O TR R A FYRE T TVl x
o, e e U e e o LN L R (R A A e A A R e ww Wi pol A A A i i
O L B A e e A AL Bk i P N o o 3 » Pl L FON I o o T
e O N . W e e e A Ty T .r.xr.r.r.r.unuanl"- o e A N T A ENE
A e A i al a w al a aL m  rA N B N NI O A i o e e e e L ML Ll S
N e M L N L N K N o F O I ol " » WA A W A I A O, U
o a2 e e N o FE A BN, A A POl A
R Al S ol X K L A T A K K AR XX ) Ol A L
L NN N A L o ) P o KR KK K X e B A e o e ]
P A N A o X X e N N N L P [ A A A g

h A A N e R X e w ha Cx nEn o ML ' PO O O A A AR AR R A
B e I I e e i e e T T T e T Ty n N A ool A gl A i FONE I
AR e AN u__v Y = A A AL N Y » L F N i T O T
N A A T o x % W W A A A kA R N N A ol
W dd e ks ¥ i - N L A ) 5 o R . FO AR AR R R
,##-ikkltun.at#t.r.r.-.—lt-r. W P e S S et -_-. " S A T Ty S X A R R

S q“...u.qu._._“.............__..- i e Ml .4._.”.-_... T”...“.___H.-H...r.....t....rntu.._H....“l___.l-_ - ....-_”...H...H.q”...n...ﬂ...n...” _anvﬂn“anunnnxnxnnnv xnnnnnauaunnl"n"n“a"nmxu
Fodr i Pl arals P P A AR XK R R R KA
d T e . Ela e e e P . e K e S
Il ) ' L L R WX A e e A I NN i
P AN LN FoE e ¥ e g e A A e R A A R
P R R N T ’ XAy P P N R R W a X e T F i i
N M L R e W ey N LN P . F i R R N K
A A B A N A A Pl N X N A L A Ot e T p A KR AR R T
W e R e e e T Ty ol ) A A o Al Sl S o PN Pt e A RN, )
,....._.4.4....4“13-.___.-.__._.._,.__....4.-_ P N X ¥ PR N RN P s PN N N O o
A A P LN ; Al e AL Plata e L gt L Pl At S A KR A
o e e e e Ty A g W e e e e P A N xR A K K, XA, i
D A A L L ) P L A B R R e e e e e b e A ke A L
LM N N U NI - PN A A N N L N L) Pty A AR ALK o A
P N A e R ) o Fy o Ao e s e e e Ty P L L o O
ra e e I e ekl P N LR T Rt X e e ’ N ol
Pl L I L, o B x X N R R oL W N A RN P o o
CTa T e Ta e e A e e R N N A NN NN e e T e e R O O
.__......__........_....__..__In....__..._.._.uw.._ L * ¥ _.._._....-.......t....'....r.__-_l.__.._.l-....r.........._ o N R A Y
ror T e T T e Ty ERE X K P N e ey W e I N XN A AR A
EN A N o ST ol % R xRN r e e e e T e T P A R R A A R K R KL N T
e e e e U e R X R K N A N W L o N N N o T O I
N .r i x oA e P AN PN A L A el s L i F
B I e gty e KR RN Pt oy e e XA O O, I
E I AL AL N N - " 'y N o e T I o e T
¥ e e A e e " RA Y o et s o L
P A S v o A - o " ol Ty e e M o K K R O
N M AN - L Pl P N A PN,
N N NI A A AL - xR K el P O 0 A
A R NN . 2R R K xoa e Ta Ty R e T e e N B o O o e A K
P N N * Yo T i e W ) o e kA u X LV, A Nl A
T A L WK A R K TR K KRR N Al P 0 0 A RO ol
) R R Pl R R R R K K R P N N A FYNE U I XN R R
e XA A 2w KR KR R R A A A O, A, A
X R R VR L N A N A A i ol
T T "Om A K, Ny I e e e S A e A O A i
B e e R AN LN L T » FONE N A 2R AR A A K A
e O A MR xR A T B AR A E R xR T R A A O A A ol F A i
T B R ok e e o P A N N ot L RO L
VR R SRR xR BT o R R R AR R P M N E A N A e N
o e " KR K KV VTR o w T T e POl A A
e T n [ o I X dode A A ATy A O Rl I
P R Al KR N K R R P N VR Nl R R K
R e R AN O XA AR ERETRR 'y S A Ol o o

) Taw F x FOE A ol O EYa S
NN AN o .... A KX »TaTas T A T O Il A O
E KR AR e - "R E AR K A K W P e o,
L ) o X X N o e T A R 0 I
e ol o Bl PR ) ol aue FN I L o e R e M
n x O NN =y XA A e x_ ¥ A e i xR A A RN KR AR,
o M ety o xR X o i xR xR K ALK K
" W N e RN AR R w ol i YN, 0
PN < Tae ] XN A A K T » P o
. w ey N N N I A NN (L ® X x = 2 - x A K A A oAy i
P NN " e e | e i » e o adat a / PO O VA
N O e’ X X kR E R R " 3 A iy . p S ol
T e * o > w X xa o o R R e K
R (N A X R R X » i R R R R R
W e w w " o T T T Ty x Ry Fo )
P N Bk e o P L L ._ AN KK, L, N )
PO N T E TR A ek x T N RKE R XK PN N . e ’ e R N
e T A N K Nk e » l" o = L, ey oo e, I
R b CN N Y AN e Ak d . F il ol
el Pl o e e T T T T Ty ol . K "ﬂ- A A A R
® PN WS F LN T N ) ) N KA o KA XK K X R
.-_.._.._......_.....4....4.._.._._.__.._.....1._..|-_ll.. AT .................-................n[....- o e e M o g™ o o e
P M My w e ae T T o W e e i e T - L % w ol
AETATR i e et s P N N 2 wu n I / N
N e e e i Pl ) - P A o m %ﬂi | ; N o X X
W e e N O o PN N Y Ll XN x x
Wi e e ol m oh A P N o) o N p : RV m o R K
= & . & F ] & & i i 0 [ .
o e oo SR R 2 SRR S
PO O M ] wox e ey e e T e i N " . e XX A X X R x ol
A e St B a e T e ke ) e e & - = L " En i g X
L N N A L e P o N A R N N T e e n e l-.t_-._-“ "R oo o o " Vi
N N N e e W T T e e T T e T e x i wa 1"-. n K XK ol A "X
B P A ) e e e e s e e T T RN x Bk e » N K e K o X, Fo, i X! i
Lo L N N N ) A N I O T T e e e e e o N NN r ] ol XX, ol . / KX
By Ty e e A AN Ty e T e T e T el M PR N u x P X P X XA x RN
L L R T N N P T o o xe  a N =T e - N A x XN ) "%
N ) PN A RN R NN N N R e e, o W ey e R Ill"“%-......- A W F ! F
N A AN ) o A L T N I A - e e T Ty 2 e X WW A KR A K L X o
B R e Ty T W e e e T T T T T T T T o s T e e T T Ty T T 'y N g o R K Y K w R x o
L S N W e o N o M N N N NN N Pl o Kk e X e I-.-I."-.___l-. » PR O A R A i L
A M e A ) x - u L L N RN N o . R L e N et R TR N » ™ ) pol i O, X L,
P N L LR N M N P N N T I P e Y ol w e e e e T ey A -_M" i x U e
Bk e e i e e R AT R A e i o T N N T N P N N [ ._.-..I-. 'll-. O T o N ) FE T T
LN R sl R el A N RN AN N N o T T e I.I.l-_- O PO . P ol O
W T T R R et At e Y ey O e I N P I D el e o o e T e e T T e T Ty ey - XA K LK A A X K A E K R R K K
e O ) o A ek A L N I T I T T T o e o R S e v e Saa ! on . VR N
i ; N N e Al el X P A L e A R T T A PE RO, o) U T T e T T L G X ; O A o
A e e e » R R L L e I I N N N N N T A Py I T A s T w O A Y PO T -
N W N AL : ; e N A e e o e e e e e T T e ur NN N M . A o e A L R A
o e » W Ty e N R I R RN P W e e x XK A A A AR ALK MR A AR A A -
B ek W e o e e T e T L) e WA e a KR A e F T BV A i FO
e ur e e N N A R I I R T T T I P B e o P P NN N Rl A A A o N
Ol T W Xy e a a aa y a l Ul N A R N ) P T L Al
e i A ey e R e N N N N R RN N L e X m . o i ek d e e e 'y PO A e A O,
Bk e i e 2T P N N ST M N R e A NN RN NN PO T o T Y T T
P e WA N A A R R TR Al ol ey PN W e A T e AR e A A L A A A e I
W e e ML RN U Nl M A M AL P PR R m e, I R e e e e R e e e B B A A e e e
N oo i ar ' N i ) i & . 3 ] oy k Y ) ]
e N S A N e T T T e T ......._._.-_.4-.-_!-._- T T T m N L A ) "-_.4._.1.1......... e o o o e e e e
e o x Pl e e i e L P, Fat ...._._" an“nu-_ N 'y S ) st N o A R A A
N N N N NN o, wataty e e e e e e e e e e T e - * v e e A A I A A a T a T e Ty P x O
P N N N i dr e e A R IR N N RN “._..”-_ e . .hhunnaaznau.uuv A N A i "-_u mr ., W
N DA R Pl P I PR RN R, A o * - R A ar T T i T Ty W e ] K P
P L R W o e S N N A N A N N I I R N N o) . i ) o N N T A e ) ® ’ R e i
WA e e e e A e e oA R A EE R d e s TN T, ...uu.? nn_._.aa:na__.u-l- L S S A S e R L R O X ol e AL N R X KR
AT T R g " X W AW L K Ta e ok ks » r XA xR AR R L N e M x ol A AR AR AN
B e A e e T T T L AN IO e ..-u,mlluunx.axaulaaal ] K xR R e T
T T e T e A » xR n AR R e e d N NN E R A e L e N L X R KR R K CE RN
N A N P R » A i A T s e N A R e A i, FO, y L,
PO L N R A ) » o A e e Ko n e B e ke ke WA K R R K I x r AR R R o,
L I o o o T EA, as » N A e d T e e Tk xuau:lr.nnnaanal o xS x n R A T o RN R R R KR
A e e el . A P ] A I s A - N K ol e P
B N N N N N L o ) SRR W T 2 ae g e g Tl Y x A S A o I
e e e e L e & A W e T ey -.....4._,....._.".__ N L n Fo K O e N R RN
Wiy iy e e T e T w xR R X a - a ORI K KR R i e N X o U o T P
e T e e a T a » o W e e N N N .n_ﬂlannuxna A e " ! A o Ul
O N N N T I L = O Pl A e e ® e e e KA A A K K L O B
W & dp dp A U S » xR’ g W A AW LR ) L3 - uv-_.ll.ﬂ l! X E K I ] M LA E A A N AR ERERSTHN EXT X XKIK X
L " ] T e i e e P ¥ L O X 2 R R R, R o
ol i o F 4 g g o dp i o rodeodp Jroie Ol B B b b b b ﬂl L) BN X AN RN EREXE LN, R_E R X F XXX BN NN NN AER X KX BN
B4 ey X T i T e W Ay kg a e e a e e ; L e e o e e C A o xR N A
o P Vi e T At o 'y o E A e K e N %! e A ’
ey e e A e e e e e ; b ! o o
drodp J e i X o & o i o i i o J IR N RN | ] AN FREENEREREEFNLNF || || - x F Fr K E A N R ER T ¥ X
O ) W e e Py L L R A R e A K o L T X KR
PO AR e T e T e o AN A N o R R o Y VR o5 e
[ ] & i r F ] & L L
S N H .._..___H.qnau_-_ .._....H...H... A . .r...“.. .._...”.__ o H.n” |1.r.r LA e e R A N A e A Wt WA > n"" a“__.“ " Hn“r.“n“u“a"a“n":” ) ” " “ an“n“x"u“n”xnr.”n”a“x“ "a“nHnHx“xHn”a“uHu“n“__.“n"a“xHr.“r.“nHv_”a“xun”x”nﬂu"n”l“nna“x”
w ey Ty W AT R N o A T Tt I LR RO Al My LA A P N A N T o e RN R KK AR EE AR XA LA K KRR B R
AR W e W P S A I o o I R R L N N I N e M A A N N N NN N o )
w N A () P A N R N N A L A e o I B o A e R xR K R R A N
N N A Nt » e L e e A N s ) N L A IR . M A A e N R N AN L N A o L
O N o I P S a ol S PN N e NN P A ] N N N N A I N Wi i W e e e e e A e e e e T T T e e T T e e T e e T FON T N
T A B N P Lt L A N A N N A L BN F o o et A S B e R A T B e ol e e e AN R e R K R R R R K e R xR
e T T e T g T T e L O o Ta T ay  aa N N R RN R RN A o A A N N e N N e XXX TR A o i
I A N o e W et e B et e e i A e T NN N N N A R x de i AT e e e e e T T T T e T T T et ) R K R KK e o
P N A N R ) A e W T e T s T T e T e e A T e e N R N o I N N N R N N N R NN N BRI R L N
W T T T T e e T A N N N Nt N W A N R I A R N A R A S A N N N N N e N N R LN N N N R N XA ER N T R KRR L
P N N R N N s O R A N A A e e AT e N N N N N N N N R N I A N A N T T o o o o Sy e Sy e ey Sl K K TR N ) o i e
e T T e G .......q....r..,.._.....t.r.._-.r.__.r.__..,.__.r__.r.__.......r.....r.__.._..._.__.._-.r.._.....___imn_ e e e e T T T, S e e " e e e T
S L L L L E R R B R A e A S S d e a  a a a E  Ta a a Tee W A T e e e e A e e T e e T e e T e e T e T e e T e ey T T e e e e e T e e T T e e e a a a  ta N wen " "R R KR R R R R X X
e e ey e e e T e e e e e e T e T T T T T R e e T e e T e T e T T T T L o N T T T o o o T o O ol S el S S i e N ® ® R RN R AR R
O N A I N e ') L A e A NG N A R R N R R NN P I N A A N I A N e N N T N N AN NN NN AN NN . . KX RN K L X R xR R X A
N A N N N R N N I L N T o A Ml B N o a e e T T T T T T T T P I I L N s g L g aral s e N P R N oy » " ol EE e . KRR R X R R R TR X
._.r.r........_.........r......_.t.-.._..r.rl..-t.rt.-.r........._..r.-h.r.._.rt......_..r.r......_.r.r.....r.-_lli R .-_J......-..._..-..;....l}.&.}....tt.-.#tl....l.rl.}..r}.t#.r...._..........._..r.-..r.....r......_.l.-..._..-..._..r.....-_......_..r.-.....k##it##t&#‘*&###‘t&.###‘...r....l_.....r-..t......_.....t.._.r.._.t....r.........._......_..r....................-........t.....-b.l. L T T I I N T N L T R L L R L .n-_-.' ll.'lll II'II_ll_' [ ] . Ll e Ill | E N || AN R XREXERRMRRMNFEHN.DSDZE | kR R R NN
A e AN P N A I N I A N M A R S e e e N N R A N RO N -5 itk b : b

U.S. Patent



et
P T ia
NN
A de dde b b b w1 .
A de b ke keoar
A d b b b N b &K
L .r.-..r.....r.r.r.....r.....................r.__ .
r
LEE AN M AR
roa
Ak k .r......_........-..r........ .........__ '
ILECHE N N S NN
non kN Jd ke & or
Rl T )
a kb oak hoa
PR e

o ..l.-u...._
.r .r .T.T.T.-. r &
- - .r.....-.r.....__.._

6,107,100

.
Pl

o
-, T Ty

.n. .n
- & b bra b Jrbrdh hoa
N Ny a

-I.T.rlll.rl

Wk d e R A g .
N
& W o

. T 4...1-

P T o R
.”_.H.__.r.__“.._._-_ T o -
P RE e

.

P..:.FI.
N PN N o  ox a vow N _-_...
N &
Taaw .-...4.-. 2t L] HHHHPHFFHHH

Sheet 4 of 4

a Ak dpdr bk drode i o droa

a2 kb h oa Ml ko doa ¥ a2 h &k a kN A a >y

b b b bk ki hoa P S e e e e i i i S B T
"k k d hoa "k oa

bR A ke e Ak
.._....n.._n....q.....r.._.._.tn ' ............................ -
PRI L A -.-_...
P A )

.r.._..-n.._.-_.l-.l"i

.~ L
e ._...-.l..-_lnl . ....l.l_

a x o a
a & o bk b b b oa dh ik

.
"
.
]
"
]

¥

¥

»

¥

»

¥
L]
.

.
B

1..__.__.._......_.._.__.._..._.4....___....___.__..._..__. [y

e

et e e e n

.bk......_._....-_.-_...... ...

_-.

]

¥
EaC )
-

&

L)
ERMON )

»

»

2 e

SO NI .4.4.__._-.4....4_-.__..4.4.... .
R e

. N N L N )
woa e de e W R a N N N M
a e  kw T e T T
ok -.r.-..-_.....-......r.__.....r.r.__.._ .—.1 - . R 2 M

e h e k a Tk i w e de e e e B

¥
R B kh
bl'bbl

e )

W kR K o
. s .
--.__i.r.rl. P N e R RO
W e A . TR N
T TR .
' A
e W L e : )
A e e e w A W dede dr N ik a4
P ke o R e A Ty A ey . [ T T S i e T
[ o i S R e oy i . Pk ke b e ey w
m -....l.r.r.r.....r.__. R R . N A W oa e el k.
e . EF e Mt N P " .r........ll_.-......-.....l.-..r -, il
A R i e dr g dr ik kow R
r -

Aug. 22, 2000

U.S. Patent



6,107,100

1

COMPOUNDS AND METHODS FOR
DETERMINATION OF THIOLS

FIELD OF INVENTION

The present invention relates to the field of analytical
chemistry and biochemistry of sulfur compounds.

BACKGROUND

The occurrence of sulfur containing compounds 1s ubig-
uitous 1n the biotic and abiotic environment. Oftentimes,
numerous sulfur-containing compounds are hazardous to, or
have important functions in biological systems.

Of special importance 1s the monitoring of levels of
specific sulfur containing com-pounds 1n biological fluids
(c.g. blood, urine, serum, etc.). Specifically, two sulfur
containing amino acids, homocysteine and cysteine, are of
increasing 1mportance due to their main contribution to
several severe human diseases such as occlusive cardiovas-
cular diseases or metabolic disorders which manifest them-
selves 1n hypercystinuria, cystinlithiasis or hyperhomocysti-
nuria.

Present methods of detection and quantitation of sulfur
containing compounds are laborious and expensive and have
to be performed by specialized clinical laboratories using
oftentimes expensive reagents and equipment. By their very
nature, contemporary assays can not be routinely performed
as so called home-tests. Therefore, patients are reluctant to
undergo regular monitoring of these specific sulfur-
containing compounds due to both cost and mmconvenience.

Currently used analytical methods encompass derivatiz-
ing and HPLC, GC-MS, ELISA-type assays and simple
spectrophotometric procedures (1-7).

Of special importance are two common inherited patho-
logical states, namely homo-cystinuria and cystinuria.
Homocystinuria 1s characterized by increased concentra-
tions of homocystine/homocysteine in blood and urine.
Genes 1nvolved 1n this metabolic disorder are coding for
Cystathionine-3-synthase—a key enzyme 1n the transsulfu-
ration pathway that converts methionine to cysteine. The
other forms of hyperhomocystinuria are the result of
impaired conversion of homocysteine to methionine, a reac-
fion catalyzed by the homocysteine: methyltetrahydrofolate
methyltransferase and two essential cofactors, methyltet-
rahydrofolate and methylcobalamin. Although the homozy-
ogous type of this inherited disease 1s relatively rare, the
heterozygous type occurs more frequently and 1s usually
discovered by methionine loading tests. Despite the pres-
ence of sophisticated and complex procedures, in current
clinical practice one uses still an old, colorimetric cyanide-
nitroprusside test as the simplest way of demonstrating an
increased excretion of sulfur containing compounds 1n urine.
The major disadvantage of this currently most used method
1s 1t’s 1nsensitivity and extreme 1nstability of the developed
color.

Of even greater importance 1s cystinuria, a pathological
state of 1ncreased cystine level 1n urine, which is essentially
an 1nherited defect of membrane transport in kidneys. Cysti-
nuria 1S the most common inherited defect mm amino acid
transport and 1s characterized by impaired tubular reabsorp-
fion and excessive excretion of amino acids, especially
cysteine. Since cystine i1s the least water soluble of the
natural occurring amino acids, 1ts overexcretion predisposes
to the formation of renal, urethral and bladder stones. Such
stones are responsible for the signs and symptoms of the
disorder. Again, there are homozygous as well as heterozy-
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ogous cystinurics. Remarkably, the frequency of homozygous
cystinuria 1s about 11:10.000. Cystine stones account to
1-2% of all urinary calculi and are the most common cause
of stones 1n children. Current medical literature advises to
screen all urinary tract stone patients for elevated cystine
level 1 urine. For that purpose, again the nitroprusside test
1s the most favorable and is routinely performed on all
patients with urolithiasis to exclude the diagnosis of cysti-
nuria. Cystinuria patients are treated with a variety of drugs
(Bicarbonate, polycitrate, ascorbic acid, etc.) and need fre-
quent monitoring of their urinary cysteine to adjust the
proper dosage of drugs and to prevent the recurrence of
urolithiasis. With these facts in mind, the need for a reliable
home test 1s obvious. Unfortunately, a reliable and simple
home test 1s not available on the over the counter market. In
short, there 1s a need to provide a new, reliable and sensitive
test for cystine, homocystine or other thiols 1n biological

fluids.
SUMMARY OF THE INVENTION

The present invention 1s directed towards compositions
and methods of determining thiols or disulphides 1n which a
sulfur containing analyte 1s combined with a thiol-speciiic
reagent to produce an mtermediate, and the intermediate 1s
combined with a solvent msoluble compound to produce a
solid state complex.

In one aspect of preferred embodiments the intermediate
comprises a chromophore, and i1n especially preferred
embodiments the chromophore 1s detectable with the naked
eye. In another aspect of preferred embodiments the thiol-
specific reagent comprises a nitroso-donor, and more prei-
erably Na-nitroprusside. In yet another aspect of preferred
embodiments, the solvent mnsoluble compound comprises a
basic or acidic metallic compound, or a polymeric matrix.

Still more preferred solvent insoluble compounds comprise
Zn-hydroxide, Ni-hydroxide or Al-hydroxide.

These compositions and methods are more sensitive and
reliable method than that previously available, especially for
the determination of homocysteine.

Various objects, features, aspects and advantages of the
present 1nvention will become more apparent from the
following detailed description of preferred embodiments of
the invention, along with the accompanying drawings in
which like numerals represent like components.

BRIEF DESCRIPTTION OF FIGURES AND
PHOTOS

FIG. 1: UV/VIS absorption spectrum of the EDTA-
dissolved Zn(OH),-homocysteine-nitroprusside complex

FIG. 2: Graph describing the dependence of absorption to
concentration of the monitored thiol over time

FIG. 3: Graph describing the dependence of slopes from
oraph 2 to the centration of the monitored thiol.

Photo 1: Pellet of a water msoluble, basic Ni-compound
with various amounts of homocysteine.

Photo 2: Pellet of a water 1nsoluble, basic Al-compound
with various amounts of homocysteine.

Photo 3: Pellet of a water insoluble, basic Zn-compound
with various amounts of homocysteine.

Photo 4: Concentration dependent color intensity of a
water msoluble, basic Zn compound with various amounts
of homocysteine.

Photo 5: Mixtures of constant amounts of a water
insoluble, basic Zn-compound with different volumes of
solutions of constant amounts of homocysteine.
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Photo 6: Mixtures of constant amounts of a water
insoluble, basic Zn-compound with different volumes of
solutions of constant amounts of homocysteine, formed by
reduction with a constant amount of TCEP.

Photo 7: Mixtures of constant amounts of a water
insoluble, basic Zn-compound with constant amounts of
various thiols including negative control.

DETAILED DESCRIPTION

As used herein the terms “determine” and “determina-
flon” means quantitative and/or qualitative analysis.

Also as used herein, the term “solvent insoluble” com-
pound refers to compounds which are insoluble in the
solvent being used. The solvent of choice will often be water
due to 1ts low cost, easy handling and low toxicity. However,
other solvents may be used, including ordinary alcohols
such as methanol and ethanol, as well as aprotic solvents
such as dimethylformamide and dimethylsulfoxide, and
even mixtures of solvents such as water and acetone.

Preferred solvent insoluble compounds are those which
can 1mmobilize and thereby stabilize an intermediate.
Examples are precipitated or dispersed metallic hydroxades,
insoluble salts such as basic phosphates, carbonates, citrates,
and silica. It 1s especially preferred to provide the insoluble
compounds as slurries, such as may be prepared by mixing
water soluble metallic salts with equimolar amount or excess
of alkaline metal hydroxide, preferably in the presence of
other ions (e.g. citrate). Such slurries have been described in
the chemical literature and several of those have found a
practical application 1n chemical analysis. A recent example
of using a water 1nsoluble, basic Zn-compound 1s described
by K. Shanti and N. Balasubramanian (8). The authors
prepared practically an H,S trapping solution with insoluble
basic Zn-slurry, which they described as “Zinc acetate-
citrate-sodium hydroxide trapping solution”. This solution
was used to concentrate H,S as an air-pollutant from various
sources and the method was claimed to be very sensitive for
H,S determination in air by using bromate and 2,7-
dichlorofluorescein.

Recently, several papers were published covering the use
of a long-known thiol-specific reagent (Na-nitroprusside)
for qualitative and quantitative measurement of urinary
cystine and homocystine levels. Such tests are known to be
uselul 1n monitoring cysteine levels in patients with cysti-
nuria and cystinlithiasis (9-11). In these references, the
authors used NaCN for disulfide reduction and
Na-nitroprussside as a reagent and NaCO; as a basic
co-reagent. Although well characterized and established 1n
clinical routine procedures, these methods suffer from sev-
eral disadvantages: first, the developed color 1s highly
unstable (cysteine several minutes, homocysteine immediate
degradation), second, NaCN is a highly toxic compound and
finally, the method 1s insensitive to levels lower than 500 uM
of the thiol compound.

Quite unexpectedly, I discovered that a combination of
water 1nsoluble, basic Zn-compounds, Na-nitroprusside and
thiol or reduced disulfide develop an unusually stable and
intense color that can be detected at very low concentrations.
(see photographs 1-3). This, in turn, allows an additional
and substantial amplification by means of filtration or cen-
trifugation (see photographs 3 and 4). The developed color
in such compounds are stable for at least 24 hrs at room
temperature, and the concentration dependent color 1intensity

is reproducible over a wide range of concentrations (see
photo 4).

In further experimentation I discovered that other
insoluble compounds can be used instead of the originally
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discovered Zn compounds. Examples include other metallic
compounds such as aluminum hydroxide, tin hydroxide,
fitanium hydroxide, as well as non-metallic compounds such
as silica. I also discovered that these compounds need not be
basic, and for example, titanium hydroxide and silica are
both acids which will work nicely. In general, and while not
limiting ourselves to a particular theory, 1t 1s contemplated
that preferred isoluble compounds will spontaneously form
a polymeric structure or other matrix, which prevents or
limits the ability of a chromophore or other marker to
decompose 1n homogeneous solution.

To clarify matters, the term “solid state complex™ as used
herein means a solvent msoluble species carrying a charac-
teristic chemical group such as a chromophore, 1sotope or a
detectable functional group. The characteristic group may be
located on the surface, or buried 1nside the complex. Still
further, solid state complexes as contemplated herein may be
crystalline, amorphous or partially crystalline and partially
amorphous.

Still further I discovered that other compounds can sub-
stitute for Na-nitroprusside. Preferred alternatives include
Na nitrite, nitrite esters, and other nitrosodonors.

Even further, I discovered that the compounds and pro-
cesses disclosed herein are applicable to other thiols besides
homocysteine. (see photo 7). Such thiols include cysteine,
cystine, alpha-mercapto acetic and alpha-mercapto propri-
onic acid, mercaptoethanol, glutathione, as well as thiols 1n
petroleum products.

In detecting and quantifying disulfides, which 1s of great
importance 1n the case of cystinuria or homocystinuria, a
variety of reducing agents can be used which do not interfere
with the final results (see photo 6). Particularly suitable for
this purpose is TCEP (“Molecular Probes™), but other
reagents such as NaBH, or Zn/HCI could be used as well.

The compounds and methods disclosed herein have con-
siderable utility. One particular application 1s an at-home test
kit for detection, treatment and follow-up of a disease
characterized by a thiol product or by-product, e.g. cysti-
nuria or cystinlithiasis. Another contemplated application 1s
detection and concentration of sulfur isotope labeled com-
pounds.

However, my invention 1s not limited to color determi-
nation 1n solid phase; 1t also can be adopted e.g. for
quantitative determination of thiols after re-dissolving the
colored pellet 1n a complexing agent such as EDTA, and then
reading the intensity of the developed product using an
appropriate reader. For the particular experiments recited
below, the product developed a color which was readable at

530 nm (see FIGS. 1-3).

Examples

FIG. 1 shows the absorption spectrum of an EDTA
dissolved pellet: To 1.0 ml of a 100 uM DL-homocysteine
solution, 300 ul of the Zn-slurry containing 2.5%
Na-nitroprusside were added. After mixing the solution, a
brief centrifugation step at 13,000 rpm for 30s was per-
formed and the supernatant discarded. The pellet was dis-
solved 1n 0.5M EDTA pHS8.0 and immediately scanned 1n a
spectrophotometer between 440 nm and 800 nm. Data were
collected every 20 nm. Absorption was plotted versus wave-
length.

FIG. 2 shows decay of absorbance in dependence of
DIL-homocysteine concentration: 6 samples containing 1.0
ml of an aqueous solution with various amounts of
DL-homo-cysteine (as indicated between O and 100 uM)
were mixed with 300 ul Zn-slurry containing 2.5%
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Na-nitroprusside and vortexed. After mixing the solution, a
brief centrifugation step at 13,000 rpm for 30s was per-
formed and the supernatant discarded. The pellet was dis-
solved in 0.5M EDTA pHS8.0 and the absorption immedi-
ately read at 530 nm. Data were collected every 6s. Curves
were litted using a linear fit applying the least squares
method. R2 was calculated for each curve. Absorption was
plotted versus time.

FIG. 3 shows slopes of absorbance decays in dependence
of DL-homocysteine concentration: The calculated slopes
from FIG. 1 were plotted versus the concentration of
DIL-homocysteine. The curves was fitted using a linear {it
applying the least squares method. R2 was calculated. The
slopes were plotted versus the DIL-homo-cysteine concen-
tration.

Preparation of a water insoluble, basic metallic com-
pound. General procedure: ~1% aqueous solution of a
metallic salt (such as Zn(AcO),, CdCl,, NiSO,, Al(AcO),,
etc.) is mixed with equimolar amount or a slight excess of
NaOH (0.1M) in the presence of ~10-20% mol eq. of
Na,Citrate. The NaOH solution 1s added slowly to the
metallic salt—citrate solution at room temperature with
continuous stirring, at such a rate, that the insoluble basic
metallic compound 1s gradually formed. The slurry 1s finely
suspended and precipitates only after longer standing. Such
metallic compounds are stable over months at room
temperature, and slurries should be well shaken each time
before use.

Preparation of a water insoluble, basic Zn-slurry: 10 g of
Zn(Ac)2 and 2.94 g of Na,Citrate are dissolved in 1000 ml
water. NaOH (0.1M) is slowly added under continuous
stirring. The slurry 1s well shaken prior to use.

Preparation of a thiol solution: 100 mM aqueous
DIL-homocysteine stock solution 1s prepared. This stock
solution 1s diluted 1:100 to yield a 1 mM DL-homocysteine
solution. From this solution, 10 ul, 20 ul, 50 ul, 75 ul, 100
ul, 200 ul and 500 ul aliquots are pipetted into 1.5 ml
eppendort tubes, respectively, and water was added ad 1.0
ml, respectively. For each concentration, 5 tubes were set up.

Procedure 1 (for thiol determination): To 20 ml of the
fresh prepared Zn-slurry, 500 mg Na-nitroprusside were
added and the mixture was vortexed until all of the
Na-nitroprusside was dissolved. 300 ul of the so prepared
Na-nitroprusside Zn-slurry were added to the previously
prepared tubes containing 1 ml of the homocysteine solu-
tion. The color develops immediately. After thoroughly
mixing, 1.0 ml of the mixture was filtered onto Whatman 3M
paper using a vacuum manifold. For documentation, the
filter was placed on a flatbed scanner (see photo 4). All
preparations and reactions were performed at room tempera-
ture. The incubation time of the homocysteine solution with
the Na-nitroprusside Zn-slurry was less than 5 min. The
developed color remained unchanged after 24 hrs.

Procedure 2 (for disulfide determination): Existing disul-
fides have to be reduced to the thiol state prior to determi-
nation. For this purpose, a 10 mM TCEP solution in water
is prepared and 10%(**/,_,) of this solution is added to the
solution containing the disulfide. After thoroughly mixing,
the procedure 1s 1dentical to procedure 1.

While not limiting ourselves to nitroso donor reagents
(such as nitroprusside) as a means of thiol determination,
other means of thiol determination are also contemplated
(such as radio isotopes, fluorescent, phosphorescent or
chemoluminescent reagents, etc.). The format of the pre-
sented invention can either be 1n form of a simple home test
with or without metabolic challenge (methionine loading
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test), but can also be applied in a clinical chemistry labo-
ratory as a qualitative assessment of thiol compounds in
fluids. As used herein, the term “determining” includes both
qualitative and quantitative determination of the thiol com-

ﬁound.

Thus, specific embodiments and applications of thiolspe-
cilic reagents and water insoluble metallic preparations have
been disclosed. It should be apparent, however, to those
skilled 1n the art that many more modifications besides those
already described are possible without departing from the
inventive concepts herein. For example, modified non-
metallic water insoluble matrices (as silica gel, €.g.) can be
used m aqueous and non-aqueous media. Similarly, 1t 1s
possible to use indirect means of quantitation such as
derivatized thiol components that can be detected by a
specific reagent and amplified on a solid matrix. The 1nven-
five subject matter, therefore, 1s not to be restricted except in
the spirit of the appended claims.

Photographs

Photo 1: Pellets of Ni-slurry with various concentrations
of DL-homocysteine: To 4 samples containing 1.0 ml of an
aqueous solution with various amounts of DL-homo-
cysteine (as indicated between 0 and 500 ul) were mixed
with 300 ul Ni-slurry containing 2.5% Na-nitroprusside and
vortexed. After mixing the solution, a brief centrifugation
step at 13,000 rpm for 30s was performed. Pellets were
immediately captured on a flatbed scanner.

Photo 2: Pellets of Al-slurry with various concentrations
of DL-homocysteine: To 4 samples containing 1.0 ml of an
aqueous solution with various amounts of DL-homo-
cysteine (as indicated between 0 and 500 ul) were mixed
with 300 ul Al-slurry containing 2.5% Na-nitroprusside and
vortexed. After mixing the solution, a brief centrifugation
step at 13,000 rpm for 30s was performed. Pellets were
immediately captured on a flatbed scanner.

Photo 3: Pellets of Zn-slurry with various concentrations
of DL-homocysteine: To 4 samples containing 1.0 ml of an
aqueous solution with various amounts of DL-homo-
cysteine (as indicated between 0 and 500 ul) were mixed
with 300 ul Zn-slurry containing 2.5% Na-nitroprusside and
vortexed. After mixing the solution, a brief centrifugation
step at 13,000 rpm for 30s was performed. Pellets were
immediately captured on a flatbed scanner.

Photo 4: Filter with Zn-slurry with various concentrations
of DL-homocysteine between 0 and 500 ul as indicated. To
sets of 5 samples containing 1.0 ml of an aqueous solution
with various amounts of DL-homocysteine were mixed with
300 ul Zn-slurry containing 2.5% Na-nitroprusside and
vortexed. After mixing the solution, 1.0 ml was filtered onto
Whatman 3M filter paper 1n a vacuum manifold. The filter
was dried for ~60 min and then captured on a flatbed
scanner.

Photo 5: Filter with Zn-slurry with various amounts of
samples containing 1dentical concentrations of
DL-homocysteine: To 300 ul Zn-slurry containing 2.5%
Na-nitroprusside various volumes of a solution containing
20 uM DL-homocysteine were added. The Control was 300
ml water, the remaining dots represent multiple amounts of
300 ul with constant concentration of DIL-homocysteine
between 300 ul (1:1) and 20 uM (7:1).

Photo 6: Filter with Zn-slurry with samples containing
various concentrations of DL-homocysteine 1n the presence
of TCEP: Samples containing 1.0 ml of an aqueous solution
with various amounts of DL-homocysteine (as indicated
between 0 and 200 uM) and a final concentration of TCEP
of 1 mM were mixed with 300 ul Zn-slurry containing 2.5%
Na-nitroprusside and vortexed. After mixing the solution,
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1.0 ml was filtered onto Whatman 3M filter paper m a
vacuum manifold. The filter was dried for ~60 min and then
captured on a flatbed scanner.

Photo 7: Filter with Zn-slurry with samples containing,
various thiols: Samples containing 1.0 ml of an aqueous
solution with various thiols at a concentration of 200 uM
were mixed with 300 ul Zn-slurry containing 2.5%
Na-nitroprusside and vortexed. Water was used as a negative
control. After mixing the solution, 1.0 ml was filtered onto
Whatman 3M filter paper 1n a vacuum manifold. The filter
was dried for ~60 min and then captured on a flatbed
scanner. The 1ndividual dots are: 1=Water, 2=[3-
Mercaptoethanol, 3=L-Cysteine, 4=Dithiothreitol, 5=DL-
Homocysteine, 6=L-Homocystine, 7=Methionine, 8=Na,S.
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I claim:

1. A method of determining a sulfur containing analyte
comprising;

combining the analyte with a thiol-speciiic reagent to
produce an intermediate; and

intermingling the intermediate with a solvent isoluble
compound 1n a solvent to produce a solid state
complex, wherein the solid state complex 1s stable 1n
the solvent.

2. The method of claim 1 wherein the intermediate
comprises a chromophore.

3. The method of claam 1 wherein the thiol-speciiic
reagent comprises a nitroso-donor.

4. The method of claim 3 wherein the thiol-specific
reagent comprises Na-nitroprusside.

5. The method of claim 1 wherein the solvent msoluble
compound comprises a basic metallic compound.

6. The method of claim 1 wherein the solvent insoluble
compound comprises an acidic metallic compound.

7. The method of claim 1 wherein the solvent msoluble
compound comprises a polymeric matrix.

8. The method of claim 1 wherein the solvent insoluble
compound comprises a compound selected from the group
consisting of Zn-hydroxide, Ni-hydroxide and
Al-hydroxade.

9. The method of claim 1 wherein the solvent insoluble
compound comprises silica.

10. The method of claim 1 wherein the analyte comprises
a compound selected from the group consisting of naturally
occurring thiols and disulphides.

11. The method of claim 1 wherein the analyte comprises
a compound selected from the group consisting of
homocysteine, homocystine, cysteine and cystine.

12. The method of claim 1 wherein the intermediate
comprises a chromophore, the thiol-specific reagent com-
prises a nitroso-donor, and the solvent insoluble compound
comprises a compound selected from the group consisting of
Zn-hydroxide, Ni-hydroxide and Al-hydroxide.

13. The method of claim 12 wherein the analyte com-
prises a compound selected from the group consisting of
homocysteine, homocystine, cysteine and cystine.

14. The method of claim 13 wherein the thiol-specific
reagent comprises Na-nitroprusside and the solvent
insoluble compound Zn-hydroxide.

¥ o # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

